Anatomical anomalies {#s0010}
====================

Agenesis of liver {#s0015}
-----------------

This condition is incompatible with life. It has been reported in stillborn fetuses, usually in association with other severe anomalies.[@bib1]

Absence (agenesis) of a lobe of the liver {#s0020}
-----------------------------------------

Absence of the left lobe has been described,[@bib2] in one case associated with floating gallbladder.[@bib3] Radin et al. collected 19 cases of absence of the right lobe from the literature.[@bib4] The anomaly was associated with biliary tract disease in 12 patients, portal hypertension in seven patients, other congenital anomalies in four patients, but it was an incidental finding in five patients. Inoue et al.[@bib5] reported a case of hypogenesis of the right hepatic lobe associated with portal hypertension and reviewed 31 other cases of agenesis or hypogenesis in the Japanese literature. Injury to bile ducts occurred at cholecystectomy in a case of right lobe agenesis.[@bib6]

Hypoplasia of the right lobe {#s0025}
----------------------------

This rare anomaly has been associated with suprahepatic[@bib7] or retrohepatic[@bib8] gallbladder, the latter complicated by hepatolithiasis and liver abscess.

Anomalies of position {#s0030}
---------------------

In *situs inversus totalis* or *abdominalis*, the liver is found in the left hypochondrium, with the falciform ligament coursing from the left anterior margin towards the umbilicus. Hepatolithiasis has been reported in a patient with situs inversus.[@bib9] Adenocarcinoma of the distal common bile duct was reported in a 68-year-old woman with total situs inversus.[@bib10] A liver in a left or transverse position is one of the anomalies which may be associated with biliary atresia.[@bib11]

Varying amounts of hepatic tissue may be displaced into congenital diaphragmatic hernias or omphalocoeles. Hepatic tissue was present in three of the 19 omphalocoeles studied by Soper and Green.[@bib12] The liver tissue may be the seat of non-parasitic cysts[@bib13] and may be detached from the rest of the liver.[@bib14] Several cases of *hepatic herniation* through defects in the diaphragm have been reported.[@bib15], [@bib16], [@bib17] A unique case of a supradiaphragmatic right liver lobe and gallbladder has been reported.[@bib18] Partial eventration of the right hemidiaphragm is a congenital lesion caused by aplasia or hypoplasia of part of the musculature of the diaphragm with resultant bulging of the affected portion from intra-abdominal pressure.[@bib19] The underlying portion of the liver prolapses into the diaphragmatic pouch where it may become strangulated.

Accessory lobes {#s0035}
---------------

*Riedel lobe* is a tongue-like caudal projection from the right lobe of the liver, which may be palpated in the right upper quadrant. In the 31 cases of Reitemeier et al.[@bib20] all the patients except one were women, their ages ranging from 31 to 77 years. Supernumerary lobes are relatively frequent findings, particularly on the inferior surface of the liver. They are connected to the liver by hepatic tissue or by a mesentery containing branches of the portal vein, hepatic vein and hepatic artery, and a bile duct.[@bib21] Intrathoracic accessory lobes, with their vascular supply perforating the diaphragm, have been reported.[@bib22] Accessory lobes may rarely require surgical intervention because of their large size, torsion of a pedicle, or the presence of other associated defects.[@bib23] Pedunculated hepatocellular carcinoma may arise in accessory lobes.

Ectopic hepatic tissue {#s0040}
----------------------

Ectopic hepatic tissue may be found in the suspensory ligaments of the liver, lung, wall of the gallbladder, splenic capsule, retroperitoneal space, adrenal gland and greater omentum.[@bib24], [@bib25], [@bib26], [@bib27], [@bib28], [@bib29], [@bib30] A unique case of ectopic liver in the placenta was reported by Willis.[@bib31] In most instances, the hepatic tissue in these ectopic sites is microscopically normal, but when the liver is abnormal (fatty change, chronic hepatitis, cirrhosis) the ectopic liver tissue reflects the same changes.[@bib32], [@bib33] Infantile haemangioendothelioma arising in an ectopic intrathoracic liver has been reported.[@bib25] Twenty-three cases of hepatocellular carcinoma, mostly from Japan, have arisen in ectopic livers.[@bib33], [@bib34]

Heterotopias of the liver {#s0045}
-------------------------

Most of the so-called adrenal heterotopias are actually examples of *adrenal-hepatic fusion*. Dolan and Janovski made a distinction between 'adhesion' and 'fusion' on the basis of presence or absence of a capsule interposed between the two organs.[@bib35] In both types, there was a marked diminution or complete absence of medullary tissue. The fusion is unilateral and is not associated with clinical evidence of adrenal impairment. It was found in 9.9% of unselected autopsy cases in one study.[@bib36] The incidence was much higher in older age groups suggesting that the condition may be an ageing phenomenon. There is a single description of hepatolienal fusion.[@bib37]

*Pancreatic heterotopia* in the liver is rare ([Fig. 3.1](#f0010){ref-type="fig"} ). In the case reported by Ballinger,[@bib38] an islet cell carcinoma arose in the aberrant pancreatic tissue. Retention cyst has been recorded in an obstructed duct within the heterotopic pancreatic tissue.[@bib39] Foci of exocrine pancreas in the liver of a 41-year-old patient with cirrhosis were attributed to a metaplastic process.[@bib39] Pancreatic acini were found intermingled with peribiliary glandular acini in 4% of autopsy livers, probably representing an intrinsic component of these glands.[@bib40] *Splenic heterotopia* presenting as a mass lesion was reported by Lacerda et al.[@bib41] With one exception,[@bib42] the rare cases recently reported are examples of splenosis or subcapsular splenic implants following trauma or surgical splenectomy[@bib43] (see Chapter 16). *Thyroid heterotopia* has been occasionally encountered ([Fig. 3.2](#f0015){ref-type="fig"} ) and has been reported in a fetus with trisomy 18.[@bib44] Figure 3.1Pancreatic heterotopia. Pancreatic acini and several small ducts are present but there are no islets of Langerhans. (H&E)Figure 3.2Thyroid heterotopia. Section of nodule in liver (A) that is composed microscopically of thyroid acini (B). (H&E)

Vascular anomalies {#s0050}
==================

Hepatic artery {#s0055}
--------------

*Aberrant hepatic arteries* occur in a significant proportion of individuals.[@bib45] *Anomalous origin of the hepatic artery* has been described in association with biliary atresia.[@bib46] Congenital duplication of the gallbladder has been reported in association with an anomalous right hepatic artery.[@bib47] The existence of an accessory right hepatic artery (arising from the left and passing behind the portal vein bifurcation) must be recognized and appropriately managed during split liver transplantation, in order to ensure a complete vascular supply to both grafts.[@bib48] Rupture of an aberrant hepatic artery can occur rarely.[@bib48] Congenital hepatoportal arteriovenous fistulas have been reported in infants.[@bib49], [@bib50], [@bib51] Surgical correction or embolization using a variety of materials has been followed by reversal of the haemodynamic complications.[@bib51], [@bib52]

Portal vein {#s0060}
-----------

Anatomical variations of the portal vein are almost as common as those of the hepatic artery, and their recognition is important to radiologists and transplant surgeons.[@bib53] *Preduodenal portal vein* is the result of a variation in the normal developmental pattern of the embryonic precursors of the portal vein, i.e. the right and left vitelline veins and their three anastomotic channels. It may lead to duodenal obstruction[@bib54] and this anomaly was the apparent cause of gastric outlet obstruction in an adult.[@bib55] A vascular complex consisting of absent inferior vena cava, anomalous origin of the hepatic artery and preduodenal portal vein was reported in three children with biliary atresia.[@bib56]

*Obstructing valves* within the lumen of the splenic vein, the portal vein, or both, may be a rare cause of portal hypertension in children.[@bib57]

A case of *reduplication of the portal vein* was reported by Hsia and Gellis.[@bib57] One branch ran anterior to the pancreas and was obliterated by an old organized thrombus.

*Atresia or hypoplasia of the portal vein* has been recognized by a number of investigators.[@bib58], [@bib59] It may involve the entire length of the vessel or be limited to the point of entrance into the liver, or it may occur just proximal to the division into two branches. Microscopic study of the atretic segments has generally shown no evidence of inflammation. When associated with biliary atresia, it may occur whether or not a Kasai portoenterostomy has been performed.

*Congenital absence of the portal vein* is rare and is diagnosed mainly in children, although a few cases in adults are reported.[@bib60], [@bib61], [@bib62], [@bib63] Cardiac and inferior vena caval anomalies and polysplenia may occur simultaneously. The patient of Marois et al. had an associated hepatoblastoma.[@bib64] Focal nodular hyperplasia,[@bib65] hyperplastic nodules[@bib66] and nodular regenerative hyperplasia[@bib67] have all been reported in association with congenital absence of the portal vein. One patient presented with hepatopulmonary syndrome.[@bib68] Children can also present with pulmonary hypertension and congenital absence of the portal vein. Liver transplantation is technically possible though more difficult.[@bib69]

*Congenital shunts* (portocaval, portohepatic and between the left portal vein and internal mammary veins) have been reported.[@bib70], [@bib71], [@bib72], [@bib73], [@bib74], [@bib75], [@bib76] Congenital portosystemic venous shunts (PSVS) may lead to hepatic encephalopathy. They can be intra- or extrahepatic. Persistence of the ductus venosus can lead to hypergalactosaemia without an enzyme deficiency on newborn screening.[@bib73] Patients may present with hepatic impairment associated with a severe steatosis, which is reversed by surgical closure.[@bib75]

Uchino et al.[@bib77] reviewed their experience with 51 cases of portosystemic shunts; 67% were intrahepatic. Twelve patients had hepatic encephalopathy, the frequency of which increased in individuals after 60 years of age. A total of 75% of the newborns had hypergalactosaemia. Children with hepatic encephalopathy had shunt ratios over 60%; no encephalopathy occurred with a shunt ratio \<30%. Haemangiomas were present in 10% of patients; 10% of patients (all over the age of 20) had a portal vein aneurysm; 20% of patients had a patent ductus venosus and \<10% had absence of the portal vein. The extrahepatic PSVS never closed spontaneously. The liver histopathology was usually characterized by steatosis or mild fibrosis. Five patients had hepatic atrophy, and three patients had focal nodular hyperplasia.

A congenital *aneurysmal malformation* of the extrahepatic portal vein was described by Thompson et al.[@bib78] Another *aneurysm* of the left branch of the portal vein was diagnosed *in utero* by ultrasonography.[@bib79] An intrahepatic portal vein aneurysm communicating with the hepatic veins was associated with intrahepatic haemangiomas and an intracranial arteriovenous malformation.[@bib80]

*Cavernous transformation of the portal vein* ('portal cavernoma') is a condition in which the vein is replaced by a spongy trabeculated venous lake with extension into the gastroduodenal ligament.[@bib81], [@bib82], [@bib83] It is a major cause of portal hypertension and may account for as many as 30% of all children with bleeding oesophageal varices.[@bib84] A thrombotic diathesis due to inherited abnormalities of anticoagulant proteins is very rarely a factor in the pathogenesis.[@bib85] Haemorrhage is common but some children present with asymptomatic splenomegaly.[@bib83] An early report of marked growth retardation in children with extrahepatic portal vein obstruction[@bib86] has not been confirmed in subsequent studies.[@bib87] Obstructive jaundice is an uncommon complication.[@bib88], [@bib89] It was detected in 8 of 121 children presenting over a 14-year period with cavernous transformation and regressed after surgical decompression.[@bib90] A study in 25 adults with portal cavernoma found that 25% had clinically significant features of biliary obstruction and nearly all patients had cholangiographic evidence of bile duct damage,[@bib91] cases now referred to as portal biliopathy.[@bib92], [@bib93]

Pancytopenia of varying degrees occurs in the majority of cases.[@bib94] Colour Doppler ultrasonography, computed tomography, or contrast enhanced magnetic resonance imaging[@bib95], [@bib96] obviate the need for splenoportography or angiography. Percutaneous or open liver biopsy specimens are either normal or show minimal fibrosis. Klemperer[@bib81] reported multiple 'adenomas', but the description of the nodules and their designation as 'regenerative formations' suggest that the condition was nodular regenerative hyperplasia.

Two theories have been proposed for the pathogenesis of cavernous transformation, namely a sequel to portal vein thrombosis due to omphalitis, umbilical vein catheterization or intra-abdominal sepsis, or an angiomatous malformation of the portal vein;[@bib97] however, the latter is not supported by hard data and in most instances thrombotic occlusion with subsequent recanalization of the vein appears the likely cause. Experimental evidence in support of occlusion of the portal vein and the subsequent opening up of adjacent collateral vessels has been reported by Williams and Johnston.[@bib98] In a prospective ultrasonographic evaluation of neonates undergoing umbilical catheterization, portal vein thrombosis was detected in 56% of the patients of whom 20% went on to partial or complete resolution.[@bib99] Although not all cases of cavernous transformation have a history of umbilical catheterization, such a procedure, especially when catheter use is prolonged, seems to account for a significant number of cases. Conversely, congenital abnormalities, in particular atrial septal defects, malformations of the biliary tract, and anomalous inferior vena cava, have been observed in 12 of 30 cases studied by Odièvre et al.[@bib100] Several cases of cavernous transformation have also been found associated with congenital hepatic fibrosis.[@bib101], [@bib102] It would appear that in some cases an anatomical anomaly of the portal vein may underpin the thrombotic process. The rapidly changing haemodynamics occurring during birth in regard to the portal circulation may play an additional role.

Hepatic veins {#s0065}
-------------

Membranous obstruction of the hepatic portion of the inferior vena cava, which may be associated with occlusion of hepatic veins, was thought to have a congenital aetiology,[@bib103] but this has been disputed.[@bib104], [@bib105] Kage et al. have demonstrated histological evidence of thrombus formation and occlusion of hepatic vein orifices in eight cases, suggesting an acquired rather than a congenital lesion.[@bib105] Okuda et al. suggested that membranous obstruction of the vena cava be termed 'obliterative hepatocavopathy' to distinguish it from the classic Budd--Chiari syndrome. The condition is frequently reported from Japan and South Africa.[@bib105], [@bib106], [@bib107], [@bib108] Patients present with the Budd--Chiari syndrome and are prone to develop hepatocellular carcinoma.[@bib106] Membranous obstruction of the vena cava occurs mainly in adults but a series of nine cases in children was reported from Namibia.[@bib109] Rare instances of congenital Budd--Chiari syndrome, attributed to maternal drug use[@bib110] or ingestion of herbal tea[@bib111] or idiopathic,[@bib112], [@bib113] have been reported. Veno-occlusive disease in children with cellular and humoral immune deficiency has also been described.[@bib114] In the cases of Mellis and Bale, consanguinity and early age of onset suggested an inherited cause for the veno-occlusive disease.[@bib115]

Hereditary haemorrhagic telangiectasia (Osler--Rendu--Weber disease) {#s0070}
--------------------------------------------------------------------

Hereditary haemorrhagic telangiectasia (HHT) is an autosomal dominant disorder characterized by an aberrant vascular development.[@bib116], [@bib117] The resulting vascular lesions range from smaller mucocutaneous telangiectases to large visceral arteriovenous malformations. The estimated frequency ranges from 1 to 20 per 100 000.[@bib117] Mutations in the genes encoding endoglin (*ENG*, chromosome 9q34),[@bib118] and activin receptor type-like kinase 1 (*ACVRL1* or *ALK-1*, chromosome 12q13),[@bib119], [@bib120] both of which mediate signalling by transforming growth factor-β ligands in vascular endothelial cells, are associated with HHT1 and HHT2 subtypes, respectively. Mutations in the gene *MADH4* encoding SMAD4, an important member of the TGFβ pathway, are seen in patients with the combined syndrome of juvenile polyposis and HHT and should be tested for in HHT patients found negative for ENG and ALK-1 mutations as they are bound to have undiagnosed juvenile polyposis.[@bib121] A fourth putative HHT gene has been localized to chromosome 5.[@bib122] The disease is characterized by telangiectases (skin, mucous membranes), arteriovenous fistulas in the liver (30% of cases), lungs and central nervous system, and aneurysms. Hepatic involvement is characterized clinically by pain in the right upper quadrant of the abdomen, and a large, sometimes pulsatile, liver. High-output cardiac failure may result from arteriovenous shunting in the liver.[@bib123], [@bib124] Portal hypertension and encephalopathy may occur.[@bib125] Intrahepatic lithiasis is a rare complication.[@bib126]

The hepatic lesions can be demonstrated by angiography[@bib127] and colour Doppler ultrasonography[@bib128] and are readily visualized during laparoscopy.[@bib129] Arterial embolization has been used successfully in treatment of the disease.[@bib123], [@bib124], [@bib130] Liver transplantation[@bib131], [@bib132] performed in a few patients has been shown to reverse the hyperdynamic circulatory state, but disease recurrence has been observed in one patient.[@bib133]

Macroscopically, the liver is nodular, fibrotic or rarely cirrhotic. Spider-like arrangements of minute blood vessels may be noted on the surface. Microscopically, three fibrovascular patterns were reported by Daly and Schiller.[@bib134] One pattern comprises a honeycomb meshwork of dilated sinusoidal channels lined by endothelial cells set either directly upon hepatocyte cords or amid a loose fibrous stroma ([Fig. 3.3A](#f0020){ref-type="fig"} ); the distribution of these foci is haphazard. A second pattern consists of tortuous thick-walled veins flanked by numerous wide-calibre arteries that course randomly through the parenchyma amid variable amounts of fibrous tissue. A third pattern is evident in the enlarged portal areas in which numerous dilated vessels (veins, arteries and lymphatics) show prominently against a background of fibrous tissue ([Fig. 3.3B](#f0020){ref-type="fig"}). Regenerative nodules (nodular transformation) were described in the cases reported by Zelman[@bib135] and Wanless and Gryfe.[@bib136] A high prevalence of focal nodular hyperplasia has been detected by Doppler ultrasonography.[@bib137] Blewitt et al.[@bib138] described marked disruption of the hepatic architecture with hepatocyte necrosis and ischaemic bile duct injury in a patient with HHT and intra-abdominal sepsis. One woman treated with ethinyl oestradiol, multiple blood transfusions and iron dextran developed hepatocellular carcinoma.[@bib139] Mouse models have been reported for the two main genomic mutations with histological changes recapitulating those observed in man.[@bib140], [@bib141], [@bib142] Figure 3.3Hereditary haemorrhagic telangiectasia. (A) Dilated anastomosing sinusoidal channels, lined by endothelial cells with some subendothelial fibrous tissue. (B) The same case as (A) showing dilated vessels within a portal tract; foci of dilated sinusoidal vessels are also present (left and upper right). (Masson trichrome)

Ataxia telangiectasia {#s0075}
---------------------

This autosomal recessive disorder is characterized by cerebellar ataxia, oculocutaneous telangiectases, IgA and IgE deficiency, recurrent infections, and an increased incidence of cancer. Homozygotes have an incidence of cancer that is 100 times higher than that of unaffected age-matched subjects.[@bib143] There is also an increased incidence (particularly breast cancer) in heterozygotes.[@bib143] Mutations in ATM (ataxia telangiectasia mutated), a protein kinase shown to be a crucial nexus for the cellular response to DNA double-stranded breaks, have been identified as the underlying cause of the disease.[@bib144] Several cases of hepatocellular carcinoma[@bib145] and two cases of veno-occlusive disease[@bib146] have been reported in patients with this disease. Other hepatic involvement includes hepatitis with periportal fibrosis, telangiectases and cirrhosis.[@bib146]

von Hippel--Lindau disease {#s0080}
--------------------------

This autosomal dominant multisystemic cancer syndrome, due to a mutation of the VHL tumour suppressor gene on chromosome 3, rarely involves the liver.[@bib147] Multiple cavernous haemangiomas were reported by Zeitlin,[@bib148] and multiple 'haemangioblastomas' are described.[@bib149], [@bib150] Occasionally, pancreatic cysts may lead to jaundice by obstruction of the common bile duct.[@bib151]

Focal nodular hyperplasia {#s0085}
-------------------------

Wanless et al. have shown that focal nodular hyperplasia is a hyperplastic response of the hepatic parenchyma to a pre-existing arterial, spider-like malformation.[@bib152] Multiple focal nodular hyperplasia may be associated with haemangioma of the liver, meningioma, astrocytoma, telangiectases of the brain, berry aneurysm, dysplastic systemic arteries and portal vein atresia. Wanless et al. proposed that this was a new syndrome resulting from underlying systemic abnormality of blood vessel development.[@bib153] Components of the syndrome (berry aneurysms, cerebral telangiectases) have subsequently been reported in several patients who only had a solitary focal nodular hyperplasia.[@bib154], [@bib155]

Bile duct anomalies {#s0090}
===================

Congenital abnormalities of the biliary tract are best demonstrated and studied by radiographic methods. In a series of 3845 operative cholangiograms, Puente and Bannura demonstrated anatomical variations (defined as those having no pathological significance) in 24% and congenital abnormalities (defined as pathologically significant deviations from the normal pattern) in 18.4%.[@bib156] The latter included left-sided cystic duct (9.5%), aberrant hepatic ducts (4.6%) and accessory hepatic ducts (1.7%).

Agenesis of the common bile duct {#s0095}
--------------------------------

In this very rare anomaly, the common hepatic duct empties directly into the gallbladder, while the latter drains by a long cystic duct into the second part of the duodenum.[@bib157]

Agenesis of the common hepatic duct {#s0100}
-----------------------------------

Several patients with this anomaly have been described.[@bib158], [@bib159], [@bib160] They presented with obstructive jaundice in very early infancy and at operation were found to have no proximal biliary tree. There were no ductal structures in the hepatic hilum. Palliative surgery appears ineffective and liver transplantation is preferred.

Anomalous insertion of the right hepatic duct {#s0105}
---------------------------------------------

Nomura et al. reported a case with this rare anomaly.[@bib161] Cholangiography prior to laparoscopic cholecystectomy demonstrated insertion of the right hepatic duct into the cystic duct.

Anomalous ('accessory') bile ducts {#s0110}
----------------------------------

These are found in about 15% of individuals when the bile ducts are dissected.[@bib162] Anomalous hepatic ducts which pass beyond the porta hepatis almost invariably arise from the right lobe and frequently from a dorsal segment. The mode of termination is variable; final entry may be into the gallbladder, cystic duct, right or common hepatic duct, junction of the cystic and common hepatic ducts or even the common bile duct.[@bib163] A rare case of an anomalous right posterior segmental hepatic duct associated with a stricture and hepatolithiases was reported by Cullingford et al.[@bib164] Abnormal sectorial distribution of the right hepatic duct was found in 36% of 139 patients evaluated for potential live liver donation and a classification proposed to recognize risk areas when performing right graft live donor liver transplantation and tumour resections involving the right lobe of the liver.[@bib165]

Cholecystohepatic ducts are rare and occur when there is persistence of the fetal connections between the gallbladder and liver parenchyma, with failure of recanalization of the right and left hepatic ducts.[@bib166] Two cases were reported in association with oesophageal atresia.[@bib167] Failure to recognize the presence of cholecystohepatic ducts at cholecystectomy may lead to a persistent biliary fistula, bile peritonitis, stricture or death.[@bib168] Cholangiography is mandatory whenever there is any doubt about the anatomy of the biliary tree in order to avoid the increased morbidity and mortality of reoperation.[@bib168] Anomalous bile ducts may occur in association with biliary cystadenoma of the liver.[@bib169] Two examples of a long accessory hepatic duct have been found among 23 cases of congenital dilatation of the common bile duct.[@bib170] Atresia of the common hepatic duct with an accessory duct has been reported.[@bib158] Accessory hepatic ducts may occasionally contain calculi.[@bib171]

Duplication of the bile ducts {#s0115}
-----------------------------

These lesions were reviewed by Swartley and Weeder.[@bib172] One duct may empty into the pylorus or both may drain into the duodenum. In one case a choledochal cyst was associated.[@bib172] Patients are usually free of symptoms until obstruction by stone or infection occurs. A case of congenital duplication involved the cystic duct and the common hepatic duct, which were both lined by gastric mucosa.[@bib173]

Congenital bronchobiliary and tracheobiliary fistulas {#s0120}
-----------------------------------------------------

Several cases of bronchobiliary and tracheobiliary fistula have been reported.[@bib174] One patient had a bronchobiliary fistula, as well as a tracheo-oesophageal fistula and oesophageal atresia.[@bib175] Bronchobiliary fistula has been reported with biliary atresia.[@bib176], [@bib177] The bronchobiliary fistula typically arises from the proximal part of the right main stem bronchus, a short distance below the carina, and generally joins the biliary system at the level of the left hepatic duct. The proximal part of the fistula resembles a bronchus while the distal part is lined by columnar and/or squamous epithelium. Patients present in early infancy with aspiration pneumonia and atelectasis.

Ciliated hepatic foregut cyst {#s0125}
-----------------------------

Some 60 cases of this rare cyst have been reviewed.[@bib178] The cyst is generally found incidentally at laparotomy or by imaging studies. It occurs more frequently in men and is most commonly in the medial segment of the left hepatic lobe. In one case, the cyst appeared closely associated with the left hepatic vein.[@bib179] In most instances the cyst is unilocular ([Fig. 3.4](#f0025){ref-type="fig"} ). The mean cyst diameter is approximately 3 cm. One large cyst was associated with an elevated serum CA 19--9 level.[@bib180] There have been a few isolated reports of squamous cell carcinoma arising in a ciliated foregut cyst.[@bib181], [@bib182] Figure 3.4Ciliated foregut cyst. This multiloculated cyst is very much less common than the unilocular type. (H&E)

Histologically, the cyst wall consists of four layers: pseudostratified ciliated columnar epithelium with mucous cells, subepithelial connective tissue, bundles of smooth muscle, and an outermost fibrous capsule ([Figure 3.4](#f0025){ref-type="fig"}, [Figure 3.5](#f0030){ref-type="fig"} ).[@bib178], [@bib183], [@bib184], [@bib185] Endocrine cells are present in the cyst epithelium.[@bib185] In all Chatelain and colleagues\' seven cases, immunoreactivity of some cells for CD10 suggested the presence of Clara cells.[@bib185] The cysts are believed to arise from the embryonic foregut and to differentiate toward bronchial structures in the liver.Figure 3.5(A) Ciliated foregut cyst. The lining of pseudostratified epithelium is supported by fibrous tissue with scattered bundles of smooth muscle. (Masson trichrome) (B) Cyst lining consists of pseudostratified columnar epithelium. Cilia are clearly seen at high magnification. (H&E)

Spontaneous bile duct perforation {#s0130}
---------------------------------

In the first few months of life, spontaneous bile peritonitis may occur from leakage of bile at the junction of the cystic and common bile ducts. In patients without other bile duct structural lesions, the aetiology is unknown, although congenital weakness of the bile duct walls, mucous plugs and gallstones have been suggested.[@bib186], [@bib187], [@bib188] The clinical presentation consists of jaundice, ascites, failure to thrive, and signs of peritoneal irritation. The diagnosis can be suspected by finding bile on abdominal paracentesis and confirmed by hepatobiliary scanning with a technetium-99m labelled iminodiacetic acid derivative.[@bib188] Treatment is surgical and the prognosis excellent. Pathological descriptions of the liver are usually consistent with obstruction, with ductular reaction and oedematous portal tracts.

Biliary atresia {#s0135}
===============

This is one of the most important causes of severe neonatal liver disease and the major indication for liver transplantation in young children. Initially the extrahepatic biliary tree is affected, evident as an obstructive picture both clinically and histopathologically. This is the defining lesion of this disorder. Biliary cirrhosis develops early in life. Those children who survive infancy because of having a successful Kasai portoenterostomy continue to have intrahepatic bile duct damage which leads eventually to profound loss of small intrahepatic bile ducts and recurrent cholestasis due to bile duct paucity. Accordingly, this hepatobiliary disorder is now called simply *biliary atresia*, without specifying an extrahepatic (or intrahepatic) location. The term 'biliary atresia' (BA) is used in this section interchangeably with the former term 'extrahepatic biliary atresia' (EHBA). The term 'intrahepatic biliary atresia' to denote intrahepatic bile duct paucity has been obsolete for years and should be abandoned.

Classification and aetiopathogenesis {#s0140}
------------------------------------

Approximately 30% of infants presenting with conjugated hyperbilirubinaemia in the neonatal period have biliary atresia (BA), the overall incidence being approximately 1 in 6000 to 1 in 19 000 live births.[@bib189], [@bib190], [@bib191], [@bib192] There is no clear-cut racial predilection although some ethnicities appear to have a higher incidence: African-Americans[@bib193] and Polynesians[@bib189] compared with Caucasian infants. BA is more common in girls than boys.[@bib46], [@bib191] Seasonal variation in the occurrence of this disease has been suggested in North American studies,[@bib193], [@bib194] although this pattern has not been confirmed in Europe[@bib189] or Japan.[@bib195] Unquestionably, there are multiple disease mechanisms which can produce BA since it rather than BA may occur as an isolated lesion or in association with various types of congenital structural abnormalities or specific chromosomal abnormalities. It can be conceptually useful to classify BA in two general patterns: 'early' or embryonal/fetal accounting for 15--35% of cases and 'late' or generally perinatal (acquired) in 65--85% of cases. This aetiopathogenic heterogeneity of BA was delineated by a study of 237 children by Silveira et al.[@bib11] Forty-seven of the children (20%) had associated congenital anomalies (28 cardiovascular, 22 digestive and 19 splenic). The splenic malformations included 13 with polysplenia syndrome and two with asplenia. Karyotypic abnormalities were found in two of eight children studied. Silveira et al. divided BA into four distinct subgroups, three involving a congenital form that could arise through a malformation, a disruption or a chromosomal abnormality, while the fourth is attributable to agents active in the perinatal period (the acquired form).[@bib11] Most infants have this 'late' acquired pattern: their apparently normal biliary system has been subjected to a fibrosing inflammatory process toward the end of gestation or shortly after birth. Discordance for BA in HLA identical twins supports a postnatal event being of primary importance in the pathogenesis of late-pattern BA.[@bib196] By contrast, approximately 10--30% of infants with BA have extrahepatic congenital abnormalities such as polysplenia, left atrial isomerism, double-sided left lung, pre-duodenal portal vein, intestinal malrotation, and/or congenital heart defects.[@bib46], [@bib197], [@bib198] These congenital defects are sometimes grouped as a 'laterality complex'. Abnormalities of the spleen are not invariably present in infants who have other typical features of the laterality complex, and thus splenic disorder does not define this association.[@bib199] A subset of infants with BA, comprising 6--10% of patients overall, have damage to the biliary tree which produces cystic dilatation[@bib200], [@bib201], [@bib202]; most of these patients seem to have a choledochal cyst, but exceptionally the cystic change is confined to intrahepatic ducts. This type of BA, now termed cystic BA (formerly called 'correctable' BA), may be identified on sonography of the fetus in approximately 40% of cases.[@bib202] It may represent yet another disease mechanism for BA, distinct from those represented by early- and late-pattern BA, although cystic BA has been identified in patients with early-pattern (fetal/embryonal) BA. Some infants with BA have specific chromosomal abnormalities such as trisomy 17--18,[@bib203] Turner syndrome,[@bib204] or cat-eye syndrome.[@bib205] A lethal autosomal recessive syndrome with intra-uterine growth retardation, intra- and extrahepatic BA, and oesophageal and duodenal atresia was reported in one family.[@bib206] BA has been reported with the Kabuki make-up syndrome,[@bib207] in one patient with Zimmermann--Laband syndrome and brachydactyly,[@bib208] and in Martinas--Frias syndrome.[@bib209] Other genetic disorders may be associated with BA as familial occurrence has been reported,[@bib210], [@bib211] and in one case a woman who had had BA gave birth to a daughter with BA.[@bib212]

Viral infection in combination with a genetic predisposition to a robust or disordered inflammatory response may play a role in the development of late-pattern (perinatal/acquired) BA. Chance occurrence of a viral infection during a limited period of susceptibility would explain the rarity of BA; however, no consensus exists as to which viruses are pre-eminent in such an aetiopathogenesis and some recent observations suggest that viral infection is a secondary phenomenon.[@bib213] Cytomegalovirus (CMV) infection is found in a high proportion of children with BA. Tarr et al.[@bib214] found evidence for viral infection in five of 23 patients with BA. The diagnosis was based on histopathological evidence of CMV infection, serology (IgM antibodies) or culture. The detection of CMV infection by the polymerase chain reaction (PCR) is higher in neonatal hepatitis than in BA.[@bib215] In a set of identical twins both infected with CMV, one twin had BA and the other had neonatal hepatitis.[@bib216] Infants with BA and concurrent CMV infection may have a worse prognosis.[@bib217] Reovirus 3 was suggested as a cause of BA and neonatal hepatitis on the basis of clinical and experimental studies[@bib218], [@bib219], [@bib220], [@bib221] but that association was questioned by other investigators.[@bib222], [@bib223] More compelling evidence for an aetiological association of BA and reoviruses was provided by Tyler et al.[@bib224] These investigators detected reovirus RNA from hepatobiliary tissues of 55% of patients with BA and 78% of patients with choledochal cysts. A possible relationship between group C rotavirus and BA was suggested by Riepenhoff-Talty et al.[@bib225] Subsequently, however, no evidence of group A, B or C rotaviruses was detected by PCR in BA.[@bib226] Human papilloma virus has been detected in neonatal hepatitis and BA by nested PCR for DNA,[@bib227] but the role, if any, of this virus needs to be clarified.

Recent progress has focused on immune mechanisms in the pathogenesis of BA, especially late-pattern (perinatal/acquired) BA.[@bib228], [@bib229] The envisioned disease mechanism is that during the perinatal period a viral infection occurs and it targets the biliary epithelium and provokes an aberrant autoimmune injury to the bile ducts which persists long after the viral infection is gone. This proposed mechanism entails an active, ongoing immune response which can be documented empirically, and it accounts for the conflicting reports of viral infection in BA as well as the absence of detectable ongoing viral infection in liver or biliary tissue from BA patients. The hepatic inflammatory infiltrate in BA was found remarkable for evidence of lymphocyte activation.[@bib230] Studies in liver tissue from infants with BA showed a Th1-type of cytokine expression pattern with CD4+ and CD8+ lymphocytes, CD68+ macrophages in portal tracts and increased IL-2, IL-12, interferon-γ and tumour necrosis factor-α.[@bib231] Determinants on the activated T cells are typical of an oligoclonal expansion, consistent with being evoked by a specific antigen.[@bib232] Upregulation of osteopontin expression in intrahepatic biliary epithelium correlated with portal fibrosis and ductular reaction.[@bib233] At the same time, genomic studies of liver from infants with BA have shown upregulation of genes involved in regulating lymphocyte differentiation, mainly of those with Th1-commitment.[@bib234] Upregulation of the expression of interferon-γ and osteopontin was notable. Another study, which included somewhat older patients, also found upregulation of genes involved in morphogenesis, cell signalling and regulation of gene transcription.[@bib235] Further studies suggested that the pattern of regulatory gene expression in late-pattern (perinatal/acquired) BA is not equivalent to that in the early-pattern; these data also failed to show a pattern relating to laterality genes in early-pattern (embryonic/fetal) BA.[@bib236] Both forms of BA appear to induce a strong immunological response. HLA studies in BA might support a disease mechanism involving autoimmunity, but results to date are contradictory. One early study showed that infants with late-pattern (perinatal/acquired) BA have a high prevalence of the HLA-B12 determinant compared both to normal controls and to infants with BA plus congenital anomalies;[@bib237] haplotypes A9-B5 and A28-B35 were more common in infants with late-pattern (perinatal/acquired) BA. A subsequent study failed to confirm any characteristic HLA pattern in BA.[@bib238] Yet additional studies have shown an association with HLA-DR2[@bib239] and with HLA-B8 and HLA-DR3.[@bib240] Further insight into the possible mechanism of late-pattern (perinatal/acquired) BA has come from recent work in the Rhesus rotavirus (RRV) murine model of BA. It can be simulated in Balb/c-mice which have been infected with rotavirus.[@bib241], [@bib242] This model shares many features with the human disease. Interferon-γ plays an important role in bile duct damage: knockout mice not expressing interferon-γ failed to get severe duct damage after infection with RRV despite a brief hepatitis whereas wild type animals did; administration of recombinant interferon-γ abrogated the protective effect of not being able to produce interferon-γ.[@bib243] Certain chemokines may also contribute to biliary damage;[@bib244] IL-12 seems to play a lesser role;[@bib245] tumour necrosis factor-α appears not to be involved.[@bib246] In this mouse model, primed neonatal CD8 T-cells appear capable of initiating damage to bile ducts.[@bib247] When T cells from RRV-disease mice were transferred into naive syngeneic SCID mice, the recipients developed bile duct-specific inflammation without previous RRV infection.[@bib248] Some autoantibodies have been detected in this model (directed to α-enolase or vimentin).[@bib249] Thus the combination of observations in infants with BA and in this mouse model strongly suggests that a complex pattern of immune reactivity appears to be important in late-pattern (perinatal/acquired) BA. In the early-pattern (embryonic/fetal) form, other genes may play a more direct role.

Other theories have been proposed for the pathogenesis of BA. Landing[@bib250] first proposed that neonatal hepatitis, biliary atresia, infantile choledochal cyst and possibly some instances of 'intrahepatic biliary atresia' (meaning congenital duct paucity syndromes) are all manifestations of a single basic disease process that he named '*infantile obstructive cholangiopathy*'. He considered biliary atresia (and choledochal cyst) to be the result of an inflammatory rather than a maldevelopmental process and postulated that the most probable cause was a viral infection. Since the aetiopathogenesis of an important congenital bile duct paucity syndrome, namely Alagille syndrome, has since been elucidated as genetic, this theory clearly requires modification. Nevertheless, as previously discussed, the role of viral infection at least in the pathogenesis of late-pattern (perinatal/acquired) BA is an important focus of current research. Certain chromosomal abnormalities may give rise to complex syndromes including altered immune reactivity and thus predispose to hepatobiliary disease mediated by viral infection. Microchimerism has recently been proposed as part of the mechanism of hepatobiliary damage in BA;[@bib251] it might initiate an immune response in the absence of viral infection. The various manifestations of infantile obstructive cholangiopathy may depend on the timing of the insult. Specifically, rats given the drug 1,4-phenylenediiso-thiocyanate during fetal life developed stenotic or atretic bile ducts due to thickening and fibrosis, whereas those given the drug after birth had dilatation of the ducts with inflammation.[@bib252] It is difficult to generalize from this rat model to human infants. BA with features of the ductal plate malformation might reflect a different disease mechanism.[@bib253] Recent observations, however, have argued against the presence of ductal plate malformation in BA as unique to patients with early-pattern (embryonic/fetal) BA.[@bib254]

Whereas the pathogenesis of the late-pattern (perinatal/acquired) BA probably involves immunogenetic susceptibility and exposure to an instigating factor, such as viral infection, during a limited period of susceptibility, the aetiopathogenesis of the early-pattern (embryonal/fetal) BA appears to be much more diverse. Extrahepatic congenital abnormalities such as polysplenia, congenital heart defects, and disturbed rotation of the intestines suggest an extensive and early developmental abnormality. Some infants with BA and these extrahepatic findings show features of the ductal plate lesion on liver biopsy.[@bib253], [@bib255], [@bib256] This abnormal configuration of small bile ducts is attributed to disorganization in the fetal development of the biliary tree: failure of remodelling of the ductal plate leads to residual embryonic bile duct structures in this rather striking configuration. Finding the ductal plate lesion in extrahepatic biliary atresia is consistent with a destructive hepatobiliary process beginning early in gestation. Abnormal cilia have been reported in children with the polysplenia syndrome and BA.[@bib257], [@bib258] While the association with abnormal cilia is unclear, ciliary function appears to be important in left/right asymmetry.[@bib259] There is a pathogenic role for multiple defects in the laterality sequence.[@bib260] Early studies focused on the inversion (*inv*) gene, one of three genes that control left/right asymmetry in the mouse.[@bib261] Beginning in early embryonic development the liver is a predominant site for this gene expression. A transgenic mouse with recessive deletion of *inv* develops situs inversus and jaundice; the early fetal lesion is a complete obstruction with cystic change of the biliary tree.[@bib262] Few of the various genes which have been found mutated in human laterality disorders (*ZIC3*, *CFC1*, *LEFTYA*, *ACVR2B*, *NODAL*) have been investigated in BA; however, mutations in *CFC1* [@bib263] and *ZIC3* [@bib264] have been found in infants with BA and major laterality defects. Three children were described with ultrastructural abnormalities of the canalicular microvilli and no expression of villin; phenotypically they had BA without laterality complex or ductal plate malformation.[@bib265]

The extrahepatic biliary tree in BA may be totally atretic or the atresia may involve only proximal or distal segments. The intrahepatic bile ducts are gradually destroyed with progression of the disease. Most infants with BA have conjugated hyperbilirubinaemia from an early age, but clinical jaundice is not always apparent or appreciated. Indeed in many infants jaundice is initially physiological and merges with the jaundice of advancing liver disease. Infants typically have dark urine and pale stools, but the stools may retain enough colour to be falsely reassuring. The infants look well and generally gain weight adequately. At clinical presentation they have hepatomegaly and usually some degree of splenomegaly, unless polysplenia is present. The infant who presents with congenital heart disease and conjugated hyperbilirubinaemia requires intensive evaluation since the leading hepatic diagnoses will be BA or Alagille syndrome. Untreated BA rapidly progresses to hepatic fibrosis and cirrhosis with all the complications of portal hypertension, in addition to malnutrition and fat-soluble vitamin deficiency. The median age of death is 12 months if BA is not diagnosed and treated.[@bib266]

Clinically, the differential diagnosis is the broad spectrum of disorders constituting the neonatal hepatitis syndrome[@bib267] (see [Table 3.1](#t0010){ref-type="table"} ). Congenital infection should be excluded, although CMV may be found along with BA. Systemic bacterial infection should be ruled out, including a silent urinary tract infection. Inherited metabolic diseases require specific attention, especially α1-antitrypsin deficiency, which can be associated with severe cholestasis and acholic stools and very rarely has been associated with BA. Cystic fibrosis can generate a duct lesion indistinguishable clinically from BA. These two conditions as well as galactosaemia may produce a histological picture closely resembling that of BA. Structural abnormalities of the extrahepatic biliary tree cause the clinical presentation like BA: choledocholithiasis, idiopathic perforation of the biliary tract,[@bib186], [@bib187], [@bib268] true choledochal cyst, and extrahepatic biliary hypoplasia or 'hair-like' bile duct syndrome. Some infants with Alagille syndrome show ductular reaction, rather than duct paucity, on liver biopsy taken early in the course of the disease.Table 3.1Classification of infantile conjugated bilirubinaemia disorders (neonatal hepatitis syndrome) with major histological and diagnostic investigationsCategoriesSpecific diseases/causesCommentsLiver histologyDiagnostic investigationsInfectionToxoplasmosis (congenital)NSH (calcifications)Maternal infection/IgM specific AbsPCR on amniotic fluidRubella (congenital)NSHIgM specific AbsCytomegalovirus (congenital)NSH 'owl-eye' nuclear inclusionsUrine for viral culture, IgM Abs, PCRHerpes simplex (congenital)Acute-pattern neonatal liver failureNecrotizing hepatitis/viral inclusions (IHC)Liver biopsyViral culture (scrapings from skin vesicles)Syphilis (congenital)Diffusely fibrosing hepatitisStandard test, VDRL, fluorescent treponema AbsHuman herpesvirus-6Acute-pattern neonatal liver failureNecrotizing hepatitis/viral inclusions (rare)Serology, PCRHerpes zosterNSHSerology, PCRHepatitis B (mainly vertical)Acute-pattern neonatal liver failureSevere hepatitisMother\'s serum eAg positive (or negative due to precore mutant)Hepatitis C (mainly vertical)Rarely cause of NHSScreening of infants born to HCV +ve mothers by RT PCRHuman immunodeficiency virus (vertical)Rarely cause of NHSNSH (opportunistic infections, in particular CMV)Anti-HIV, CD4 countParvovirus 19 infectionChronic-pattern neonatal liver failureNSH, marked haemopoiesis, siderosis, perisinusoidal fibrosis, few GCSevere anaemiaIgM Abs, PCRSyncytial giant cell hepatitis (?paramyxovirus)NSH, prominent syncytial GC (EM paramyxovirus-like inclusions)Liver ultrastructure (no supportive serology)Enteric viral sepsis (echoviruses, Coxsackie viruses, adenoviruses)Acute-pattern neonatal liver failureNSH GC/cholestasisAppropriate serology, viral culture or direct fluorescent assayBacterial infection (extrahepatic or sepsis)Acute-pattern neonatal liver failureNonspecific hepatitis/cholestasis (ductular bile casts)Blood, urine or CNS cultureListeriosisNSH, focal necrosis granulomasListeria isolation from blood, CSF or liverTuberculosisCaseating granulomas (acid-fast bacilli)High index of suspicionMantoux testStructuralBiliary atresiaBiliary features: loose portal fibroplasia, ductular reaction and cholestasis including ductular bile plugs/GC (15%); DPM-like (20%)Acholic stools/liver histologyNo excretion on hepatobiliary scanERCPLaparotomyCholedochal cystDifferentiate from biliary atresiaBiliary featuresUltrasound, cholangiographyCaroli disease/syndromeBiliary features/DPMUltrasound, cholangiographyCholedocholithiasisDifferentiate from biliary atresiaBiliary featuresUltrasound, cholangiographyNeonatal sclerosing cholangitisBiliary features/periductal fibrosis inconstantCholangiographyExtrahepatic biliary hypoplasia ('hair-like bile duct syndrome')Differentiate from biliary atresiaBiliary featuresCholangiographySpontaneous perforation of common bile ductDifferentiate from biliary atresiaBiliary featuresImagingBile stained ascites (paracentesis)Non-syndromic duct paucity (idiopathic)Paucity of intrahepatic bile ductsLiver biopsyCholestasisAlagille syndromeDifferentiate from biliary atresiaPaucity of intrahepatic bile ducts\
CholestasisExtrahepatic syndromic featuresIdentifiable bile ducts ± mild ductular reaction occasionally seen in early biopsyHigh serum cholesterolLiver biopsy*JAG1* mutations (20p) or *Notch2* (1p13)Metabolic genetic (Chapter 4)α1-antitrypsin deficiencyDifferentiate from biliary atresiaVariable. Biliary features mimicking BA, duct paucity or NSH (DPAS not diagnostic before 8--12 weeks of age); GC rare; periportal steatosisSerum α1-antitrypsin concentration\
α1-antitrypsin phenotype (PI type)Cystic fibrosisDifferentiate from biliary atresiaSteatosis/cholestasis/biliary features (focal fibrosis)/cholangiolar eosinophilic castsSweat chloride/extrahepatic complicationsGene mutation (7q31.2 -- CFTR protein)GalactosaemiaAcute- or chronic-pattern neonatal liver failureSteatosis/biliary features/fibrosis\
Severe parenchymal damage and loss\
Later cirrhosis (now rare)Galactose-1--6-phosphate uridyl transferase assay\
Erythrocyte galactose-1-phosphate levelTyrosinaemia, type 1Acute- or chronic-pattern neonatal liver failureSevere parenchymal injury and loss, steatosis, GC, regenerative nodules cell dysplasia; fibrosis, cirrhosisElevated serum tyrosine, phenylalanine, methionine/elevated succinylacetone in urine/FAA activity in fibroblasts or lymphocytesGene mutation (15q23--25)Hereditary fructosaemiaChronic-pattern neonatal liver failureSteatosis, biliary rosettes, GC, fibrosis, later cirrhosisLiver biopsy (enzyme analysis)Gene mutation (9q22)Glycogen storage disease, type IVEarly perinatal variant, very rareEosinophilic ('ground glass') cytoplasmic inclusions, PAS positive, diastase resistant (amylopectin-like)Liver biopsyBrancher enzyme in liver, white blood cells or cultured fibroblastsNiemann--Pick, type AHepatocyte and macrophage storage (lipidic, microvesicular/foamy)Sphingomyelinase assay (peripheral blood cells or liver)Niemann--Pick, type CChronic-pattern neonatal liver failureHepatocytic/macrophage storage as type A, but few cells; biliary featuresStorage cells in bone marrow aspirateCultured fibroblasts/cholesterol esterification studiesWolman diseaseCholesterol ester stored mainly in macrophages (cholesterol crystals)/neutral lipids in hepatocytesLiver biopsyLysosomal acid lipase activityGaucher diseaseMacrophage storage (foamy/striated cytoplasm)/variable perisinusoidal fibrosisLiver biopsyAcid β-glucosidase activity (white blood cells or cultured fibroblasts)FIC-1 deficiency (PFIC type 1)Bland cholestasis, mild diseaseLow GGT cholestatic syndromeEM: granular bile ('Byler bile')Liver biopsy (EM)Genomic mutation (18q21--22)Bile salt export pump (BSEP) deficiency (PFIC type 2)Severe parenchymal injury, ballooned (cholate-static) hepatocytes/GC/absent canalicular BSEP (IHC staining)Low GGT cholestatic syndromeLiver biopsyGene mutation (2q24)Multidrug resistant 3 (MDR3) deficiency (PFIC type 3)Biliary features; progressive fibrosis; absent canalicular MDR3 (IHC staining)High GGT cholestatic syndromeHistology IHCGene mutation (7q21)North American Indian familial cholestasisBland cholestasisGene mutation (16q22/cirhin)Later progressive fibrosisAagenaes syndromeVery rareCholestasisCholestatic syndromeLymphoedema (lower limb)Primary disorders of bile acid synthesis:Resemble PFIC type 2, but canalicularLow GGT cholestatic syndromeBSEP present (IHC)Urine and plasma bile acids 3β-hydroxy-Δ[@bib5]-C~27~-steroid dehydrogenase/isomerase deficiency Δ^4−^3-oxosteroid 5β-reductase deficiencyArthrogryposis, renal dysfunction, and cholestasis (ARC)Variable cholestasisIchthyosis, recurrent infection, failure to thrive,Fanconi-like renal tubular dysfunction; arthrogryposis may not be evidentGene mutation (*VPS33B* on 15q26)Peroxisomal disorders (e.g. Zellweger syndrome)VariableDysmorphic featuresCholestasis/fibrosis/haemosiderosisVery long chain fatty acid study/red cell plasmalogensAbsence of peroxisomes on EMX-linked adrenoleukodystrophyChronic-pattern neonatal liver failureAbsent or reduced peroxisomes on EMDysmorphic features (less striking than Zellweger)Perinatal haemochromatosisChronic-pattern neonatal liver failureSevere parenchymal injury and loss; GC -- haemosiderin pigment in hepatocytesHigh serum ferritin, TIBCIron accumulation in heart and/or pancreas on computerized tomography or magnetic resonance imagingLiver biopsy/lip biopsy for extrahepatic iron storage (accessory salivary glands)Mitochondrial DNA depletion syndromeChronic-pattern neonatal liver failureMicrovesicular steatosis, oxyphilic cells, siderosis, cirrhosisLactic acidosis hypoglycaemiaAbnormally low ratio of mtDNA/nDNA in tissueMitochondrial anomalies (EM)Citrullinaemia, type IIMainly Asian descentCholestasis/steatosis/siderosisGene mutation (*SLC25A13*)Adenosine deaminase deficiencyVery rarePanhypopituitarism (septo-optic dysplasia)NS hepatitis/no distinctive featuresLow cortisol, TSH and T4HypothyroidismNSH/cholestasisHigh TSH titre, low T4, free T4, T3Genetic (gross chromosomal abnormalities)Trisomy 18Associated with biliary atresiaBiliary featuresKaryotypeCat-eye syndromeAssociated with biliary atresiaBiliary featuresKaryotypeTrisomy 21Chronic-pattern neonatal liver failure (rare); associated biliary atresia (occasional)Fibrosing hepatitis with leukaemoid cell infiltrationKaryotypeKabuki syndrome[a](#tn0010){ref-type="table-fn"}, [b](#tn0015){ref-type="table-fn"}Rarely associated with biliary atresiaBiliary featuresCongenital anomalies/mental retardationNeoplasia (Chapter 15)Neonatal leukaemiaAcute-pattern neonatal liver failureLeukaemic infiltrationPeripheral blood, bone marrow aspirateNeuroblastomaAcute-pattern neonatal liver failureSmall cell tumour, rosettesImagingIHS, EMUrinary vanilmandelic and homovanillic acidLangerhans cell histiocytosisBiliary features similar to sclerosing cholangitis/Langerhans cells (CD1a) inconstantInvolvement of other systems (skin, bone, lung)Haemophagocytic lymphohistiocytosisChronic-pattern neonatal liver failureHaemophagocytic activityHigh level of macrophage derived cytokines in serumElevated ferritin; elevated triglyceridesToxicTotal parenteral nutrition-associated cholestasisDifferentiate from biliary atresiaBiliary features, cholestasisDrug-induced (via breast-milk or other)VascularBudd--Chiari syndromeRareFeatures of venous outflow blockSevere congestive heart failurePerivenular cell dropout/congestionPerinatal/neonatal asphyxiaDifferentiate from biliary atresiaIschaemic necrosisImmuneInspissated bile syndrome associated with ABO incompatibilityDifferentiate from biliary atresiaBiliary featuresCoombs testNeonatal lupus erythematosusNSHMaternal history/congenital heart block/skin rash (discoid lupus)Anti-Ro -- anti-La in liver tissue (IHC)Anti-Ro and anti-La antibodiesNeonatal hepatitis with autoimmune haemolytic anaemiaAcute or chronic pattern liver diseaseProminent syncytial GC, necrosis, inflammation, fibrosisCoombs positive haemolytic anaemiaIdiopathicIdiopathic neonatal hepatitis (sero-negative)Differentiate from biliary atresiaGC, parenchymal loss with stromal collapse of variable severityLiver biopsy'Le foie vide' (infantile hepatic non-regenerative disorder)Chronic-pattern neonatal liver failureTotal parenchymal cell dropout, scant ductular reactionLiver biopsyHardikar syndrome[c](#tn0020){ref-type="table-fn"}Differentiate from biliary atresia, Alagille syndromeBiliary featuresAssociated with cleft palate, pigmentary retinitis, hydronephrosis[^1][^2][^3][^4][^5]

Preoperative diagnosis relies on demonstrating the presence or absence of bile secretion in the intestine. Hepatic sonography may reveal a dilated extrahepatic biliary tree, consistent with distal, 'correctable' atresia, but it is unusual to find dilated intrahepatic bile ducts. Hepatobiliary scanning, using a technetium-99m labelled iminodiacetic acid derivative such as DISIDA or PIPIDA, fails to demonstrate passage of the radiolabelled substance into the intestinal tract over a 24-hour period. Although hepatobiliary scanning has high sensitivity, scanning may appear normal if performed very early in the disease process in late-pattern BA.[@bib269], [@bib270] Hepatobiliary scanning is informative if it shows that tracer, and thus bile, reaches the intestine; it is objective, recorded, and can be quantified. A negative or non-draining scan does not mean that the disorder is necessarily BA because non-draining hepatobiliary scans may be found with severe idiopathic neonatal hepatitis, small duct paucity syndromes, such as Alagille syndrome, with severe α1-antitrypsin deficiency or with TPN-associated cholestasis. The role of endoscopic retrograde cholangiopancreatography (ERCP) remains controversial: ERCP is technically feasible in infants and may be useful in selected cases.[@bib271], [@bib272], [@bib273] Percutaneous liver biopsy is essential and has high diagnostic specificity in the range of 60--95%, depending on the timing of the biopsy, adequacy of the specimen and expertise of the pathologist.[@bib274], [@bib275] In our experience, the majority of non-diagnostic biopsy specimens are taken within the first few weeks of life. In fact incidental liver biopsy specimens taken at laparotomy for duodenal stricture within the first week of life in three infants with BA showed only trivial liver abnormalities.[@bib276] This may imply that although bile duct destruction is likely to have started in utero, the actual liver damage may not occur until the placenta discontinue the clearance of biliary products, in particular bile salts.

Pathological features at surgical intervention {#s0145}
----------------------------------------------

Portoenterostomy (the Kasai procedure) was introduced in 1959 and remains the only potentially corrective procedure, other than liver transplantation.[@bib277] In this operation, the atretic biliary tree is resected, and bile drainage is re-established via a broad anastomosis of the end of an intestinal Roux-en-Y loop to the bare edge of the transected porta hepatis. The efficacy of the recently introduced laparoscopic version of the Kasai portoenterostomy currently remains uncertain. Extensive retrospective studies have shown that the prognosis for a good long-term result from the conventional Kasai procedure depends primarily on operation before 60 days of age and the absence of cholangitis,[@bib191], [@bib278], [@bib279], [@bib280], [@bib281], [@bib282], [@bib283] but there is potential for reasonable medium-term survival in about one-third of infants coming to primary corrective surgery 100 days or older. Most centres continue to favour the Kasai procedure as the first therapeutic option, rather than subjecting patients to immediate liver transplantation simply on the basis of age.[@bib284] The lack of significant fibrosis at the time of operation may play a role in a good long-term outcome.[@bib285] Computerized quantification of fibrosis on liver biopsy obtained at Kasai portoenterostomy may discriminate between negligible fibrosis and sufficient fibrosis to portend a bad prognosis.[@bib286] One group suggested that histological features on the initial liver biopsy specimen can predict the success of portoenterostomy.[@bib287] Another group reported that the extent of ductular reaction, based on keratin 7 (K7) immunostaining, found in the liver biopsy specimen obtained at the time of Kasai procedure was predictive of native liver survival over the following year.[@bib288] Histological studies of the extrahepatic bile ducts removed at surgery have been performed by several groups of investigators.[@bib289], [@bib290], [@bib291], [@bib292], [@bib293] In a study of 98 cases, Gautier and Eliot classified the biliary remnants into three types: in the first the duct is completely atretic, with few or no inflammatory cells in the surrounding connective tissue ([Fig. 3.6A](#f0035){ref-type="fig"} ); in the second type it is present as a cleft-like lumen lined by occasional cuboidal or low columnar epithelium which is variably necrotic, hyperplastic, or focally absent ([Fig. 3.6B,C](#f0035){ref-type="fig"}); the altered ducts are sometimes very numerous, usually having lumina of \<50 µm, periluminal neutrophilic infiltration is characteristic and cellular debris, and less often bile, may be found in the lumen. Epithelial necrosis is evident in ducts with a diameter exceeding 300 µm. The third type consists of altered bile duct incompletely lined by columnar epithelium, in addition to numerous smaller epithelial structures ([Fig. 3.6D](#f0035){ref-type="fig"}). These histological types were evaluated by Gautier et al.[@bib291] at three levels -- porta hepatis, junction of the cystic and common hepatic ducts and an intermediate level; completely atretic duct becomes increasingly more frequent from the porta hepatis to the junction of the hepatic duct and cystic ducts. This classification, which may help pathologists to describe the changes observed in the biliary remnants removed at portoenterostomy, is of limited clinical significance because in individual cases serial sectioning often shows atretic ducts alternating with variably destroyed ducts in a random fashion. In addition the numerous smaller structures intermingled with variably altered ducts are likely to represent anastomosing channels recruited from peribiliary glands, of which effectiveness in bypassing the atretic duct is uncertain; anastomoses between ramified peribiliary glands are well demonstrated in normal adult livers using injection techniques (see Chapter 10). Correlations between the size and number of residual ducts and establishment of bile flow after surgery have yielded conflicting results. Two groups of investigators believed that bile flow is most likely to occur when the diameter of the residual ducts exceeds 150 µm.[@bib278], [@bib289], [@bib294] However, another study of the extrahepatic biliary remnants of 204 cases of BA showed that the patterns of bile duct obliteration are not indicative of prognosis.[@bib293] Figure 3.6Biliary atresia. Transverse sections of biliary remnants removed at portoenterostomy. (A) Atretic common hepatic duct showing luminal occlusion by vascular fibrous tissue with very few inflammatory cells. (B) Distorted bile duct inconsistently lined by desquamated columnar epithelium and surrounded by fibroplasia with a light inflammatory cell infiltrate. (C) Cleft-like lumen devoid of epithelial lining side by side with duct structures which may represent adjacent segments of the same ducts or hyperplastic peribiliary glands. (D) Hilar region close to the surgical resection line showing numerous ducts or glandular structures set in a loose, mildly inflamed fibrous tissue. (H&E)

Although the Kasai procedure is essentially a palliative operation, many children enjoy prolonged good health afterwards and approximately 20--35% of patients who undergo portoenterostomy will survive into adulthood without liver transplantation. Approximately 30--35% of patients drain bile but develop complications of cirrhosis and require liver transplantation before age 10.[@bib295] For the remaining patients, bile flow is inadequate following portoenterostomy and cirrhosis rapidly develops. Survival in BA with a functioning Kasai portoenterostomy but without orthotopic liver transplantation is 10--20% by the age of 20 years.[@bib296] In a recent survey of 271 patients, 23% were alive with their native liver 20 years after surgery, all but two having signs of cirrhosis; after age 20 years, two patients died of liver failure and 14 underwent, or were waiting for, a liver transplant. Women who are long-term survivors with BA and have not yet had a liver transplant may have normal pregnancies, but in general such pregnancies must be treated as high-risk because of complications from portal hypertension or hepatic decompensation.[@bib297] Liver transplantation has become the treatment of choice for infants and children in whom the Kasai portoenterostomy has failed. The safety and results of liver transplantation with the use of livers from living related donors and cadaveric donors are excellent. One-year survival is \>90%, with better results obtained under elective conditions and in children who are over 10 kg in weight.[@bib296], [@bib298] Recent data indicate that the overall survival at 10 years for all surgical treatment is of the order of 75--80%;[@bib191], [@bib299] general health 10 years after paediatric liver transplantation is good, although renal impairment and cardiovascular disease may develop.[@bib300]

The macroscopic appearance of the liver in BA varies according to the stage of the disease. At first it is enlarged and dark green in colour, becoming finely nodular as cirrhosis develops ([Fig. 3.7](#f0040){ref-type="fig"} ). In untreated cases, the cirrhosis may take between 1 and 6 months from birth to develop. Dilated bile ducts filled with inspissated bile may be seen in sections of large portal areas ([Fig. 3.8](#f0045){ref-type="fig"} ). The cystically dilated bile ducts may resemble Caroli disease.[@bib301] They only occur after the age of 3 months and are not amenable to surgical drainage procedures. There may be portal lymphadenopathy. The median maximum node dimension in six cases studied by Hübscher and Harrison was 14 mm.[@bib302] These lymph nodes are brown in colour and full of pigment-laden macrophages. Livers removed at transplantation after an apparently successful Kasai procedure (loss of jaundice), but with subsequent development of cirrhosis and portal hypertension, are often coarsely nodular with areas of macronodular hypertrophy and broad intervening or peripherally located scars resembling the gross appearance of focal nodular hyperplasia ([Fig. 3.9](#f0050){ref-type="fig"} ).Figure 3.7Liver removed at transplantation 6 months after a failed Kasai procedure. Cirrhosis is characterized by small and dark green parenchymal nodules.Figure 3.8Bisected liver from patient with biliary atresia. Multiple dilated bile ducts are filled with black bilirubin casts. Some of the ducts have thick fibrous walls. The hepatic parenchyma is cirrhotic with a periseptal distribution of the cholestasis (right of the field).Figure 3.9Liver removed at transplantation 8 years after 'successful' Kasai procedure. Bisected specimen showing macronodular areas of re-expanded parenchyma (centre of the field) with more fibrotic micronodular areas particularly at the periphery. Note the large fibrotic and seemingly stretched portal areas which contain well-identifiable bile duct branches (yellow and light green).

Pathology of intrahepatic changes {#s0150}
---------------------------------

The histological features of BA include cholestasis, portal tract expansion by oedematous fibroplasia and periportal ductular reaction with the presence of bile plugs in dilated lumens of cholangioles that are distorted and often form an irregularly anastomosing network at the portal periphery ([Figure 3.10](#f0055){ref-type="fig"}, [Figure 3.11](#f0060){ref-type="fig"} ). Arterial branches are unusually prominent and portal vein branches appear attenuated. Giant cell transformation of hepatocytes is seen in some cases ([Fig. 3.12](#f0065){ref-type="fig"} ), and may occasionally be prominent. Loose fibrosis is progressive and periportal/perilobular in location, with linkage of portal areas and eventual development of a secondary biliary cirrhosis ([Fig. 3.13](#f0070){ref-type="fig"} ). A study of the extracellular and cellular components of the connective tissue matrix in BA by de Freitas et al. suggested that activation of a connective tissue cellular clone by the reactive ductules may be responsible for the portal fibroplasia.[@bib303] Ho et al. reported an arteriopathy (hyperplasia and hypertrophy) of the common hepatic artery and its peripheral branches supplying the entire biliary tree in 11 cases of biliary atresia.[@bib304] Thickening of the medial layer of small hepatic arteries may be present.[@bib305] Subsequent studies have indicated that the transcription factor HNF6 plays an important role in intrahepatic bile duct and arterial development.[@bib306], [@bib307] HNF6 and HNF1ß appear necessary for ductal plate formation.[@bib306] Large perihilar bile ducts may show ulceration with loss of epithelial lining, bile impregnation of the wall and bile sludge formation in the lumen. In addition to the severe cholestasis, the cirrhotic stage of BA is characterized by marked pseudo-xanthomatous transformation, the presence of bile lakes, Mallory--Denk bodies and variable accumulation of copper and copper-associated protein in liver cells ([Figure 3.14](#f0075){ref-type="fig"}, [Figure 3.15](#f0080){ref-type="fig"} ). In one study, copper concentrations were increased in over two-thirds of liver samples obtained during portoenterostomy and decreased in some patients after successful biliary drainage.[@bib308] However, copper deposition in liver is elevated in the first 2 months of life and periportal deposition of copper on liver biopsy specimens does not discriminate extra from intrahepatic causes of cholestasis in early infancy. Acute and chronic inflammation is noted in portal/periportal areas in BA in both pre-cirrhotic and cirrhotic stages, and bile duct degeneration and inflammation may be evident ([Fig. 3.16](#f0085){ref-type="fig"} ). The mononuclear infiltrate in portal and lobular areas of livers with end-stage BA is similar to normal adult liver and very different from that associated with autoimmune hepatitis or chronic hepatitis B infection. The growth of large perihilar regenerative nodules, probably as a consequence of functioning intrahepatic ducts in this region, may be important for maintaining biliary drainage after Kasai procedure.[@bib309] Bile lakes occur after the age of 3 months, by which time irreversible hepatic damage has occurred.[@bib310] Figure 3.10Biliary atresia. Liver biopsy performed at 3 weeks of age. Characteristic portal tract expansion by loose fibrous tissue containing irregularly anastomosing bile ductules at the periphery, some being dilated with inspissated bile in their lumen. (H&E)Figure 3.11Biliary atresia. Cholangiolar reaction forming crescent shape profile reminiscent of the embryonal ductal plate. In our experience, this pattern may be observed irrespective of the patient having associated extrahepatic malformation. (H&E)Figure 3.12Biliary atresia. Portal features of distal obstructive cholangiopathy are associated with giant cell transformation in the parenchyma. (H&E)Figure 3.13Biliary atresia, cirrhotic transformation. Porto-portal bridging septa made of oedematous fibrous tissue show a marginal ductular reaction and delineate small and irregularly shaped parenchymal nodules. (H&E)Figure 3.14Biliary atresia. The same case as illustrated in [Fig. 3.13](#f0070){ref-type="fig"}. Mallory--Denk bodies in ballooned periseptal hepatocytes. (H&E)Figure 3.15Biliary atresia. Same case as illustrated in [Figure 3.13](#f0070){ref-type="fig"}, [Figure 3.14](#f0075){ref-type="fig"}. Marked copper accumulation in liver cells (red granules). (Rhodanine)Figure 3.16Biliary atresia. Inflamed and arteriole-rich, lemon-shaped fibrous tissue marks the site of a small, largely destroyed, intrahepatic bile duct. (H&E)

Interlobular bile ducts become few in number as early as the 4th or 5th month after birth ([Fig. 3.17](#f0090){ref-type="fig"} ) and advanced duct loss accompanies progressive fibrosis by the age of 8 or 9 months.[@bib250] Activated hepatic stellate cells are responsible for increased collagen production.[@bib311], [@bib312] In addition to paucity of ducts, Raweily et al.[@bib256] identified concentric tubular ductal structures in 21.6% of cases of BA; these bore some resemblance to those seen in ductal plate malformations ([Fig. 3.18](#f0095){ref-type="fig"} ). Similar observations had been made earlier by Desmet and Callea,[@bib313] who hypothesized that this subgroup has more severe and rapidly progressive liver damage. It is of interest that children in this subgroup reveal a histopathological picture resembling that of congenital hepatic fibrosis 4 or 5 years after portoenterostomy[@bib313], [@bib314] ([Figure 3.18](#f0095){ref-type="fig"}, [Figure 3.19](#f0100){ref-type="fig"} ). The interlobular bile ducts continue to disappear and cirrhosis can develop despite satisfactory bile drainage after portoenterostomy. The bile duct loss has been attributed to persistent interference with bile flow,[@bib315] recurrent cholangitis or continuation of the immune process causing the atresia. Detailed histopathological study of sequential liver specimens taken at the time of Kasai operation, relaparotomy and/or transplantation has provided evidence that the bile duct loss is due to an unpredictable and uneven obliteration of bile ducts in the porta hepatis during wound healing and scarring after portoenterostomy.[@bib315] Figure 3.17Biliary atresia. A portal area is bereft of bile ducts. There is periportal cholangiolar reaction with an associated neutrophilic response. (H&E)Figure 3.18Biliary atresia. Liver resection 1 year after portoenterostomy. Pattern of fibrosis and reactive small bile ducts and ductules are reminiscent of congenital hepatic fibrosis. There were only minimal chronic cholestatic features in this liver. PAS after diastase digestion.Figure 3.19Biliary atresia. Same liver as illustrated in [Fig. 3.18](#f0095){ref-type="fig"}. Note absence of an interlobular bile duct and a pattern of ductular reaction reminiscent of a ductal plate malformation. (Masson trichrome)

Ultrastructural degenerative changes affecting the intrahepatic bile ducts and ductules in BA have been described in detail by Ito et al.[@bib316] who found that the degree of obstruction of the lumen of these ducts appears to be an important determinant of prognosis following corrective surgery.

Malignant epithelial tumours of hepatobiliary origin rarely complicate biliary cirrhosis associated with biliary atresia, but both hepatocellular carcinoma[@bib317], [@bib318] and cholangiocarcinoma[@bib319] have been reported. Focal nodular hyperplasia after portoenterostomy has been reported in a few children with BA.[@bib320], [@bib321] Macroregenerative nodules may also develop.[@bib322]

Neonatal hepatitis {#s0155}
==================

*Neonatal hepatitis* is a term that was coined for presumed viral infections of the liver in early infancy. It has become evident that these disorders are by no means exclusively viral, or even infectious, in aetiology. Neonatal hepatitis represents a clinical pattern of neonatal liver disease, hence the designation 'neonatal hepatitis syndrome'. Other diseases such as galactosaemia, hereditary fructose intolerance, cystic fibrosis and the conditions discussed under biliary atresia and paucity of the intrahepatic bile ducts may also present with pathological changes in the liver resembling an infectious process. Giant cell transformation, a frequent histological component of neonatal hepatitis, has been seen in all cholestatic conditions in infancy including pure haemolytic anaemias and endotoxic injury.[@bib323] Although clinical jaundice is not present in every case of neonatal hepatitis syndrome, conjugated hyperbilirubinaemia is invariably present. Therefore the entire spectrum of these diseases might best be called 'infantile conjugated bilirubinaemia disorders', a term which avoids the inherent disadvantages of each of the component terms of 'neonatal hepatitis syndrome'. A classification of infantile conjugated bilirubinaemia disorders (neonatal hepatitis syndrome) is shown in [Table 3.1](#t0010){ref-type="table"}. In the past 20 years the proportion of cases with no known aetiology has fallen substantially from 50--60%[@bib324] to approximately 30% or less. Many of the disorders dissected out of the idiopathic category are inherited metabolic diseases, discussed in detail in Chapter 4.

Nomenclature for neonatal liver disease is problematic. The simplest term 'neonatal jaundice' may be confused with physiological jaundice in the newborn. The term 'neonatal cholestasis' is not precise because in the first 3--4 months of life, every infant has some degree of cholestasis physiologically. This physiological cholestasis occurs because uptake of bile acids and other organic anions by hepatocytes is immature and thus inefficient, leading to high concentrations of bile acids in blood. In addition, hepatocellular pathways for bile acid conjugation and biliary secretion are also immature, in part because bile canalicular transporters are also regulated developmentally. The circulating bile acid pool is contracted, and ileal uptake of bile acids is under-developed. The term 'neonatal hepatitis' is obviously imprecise because hepatic inflammation is not a feature of every condition. The term 'neonatal hepatitis syndrome' emphasizes the uniformity of the clinical presentation and similarity of pathological findings as well as the broad spectrum of causative disease processes. The terminology 'infantile conjugated bilirubinaemia disorders' (ICBRD) not only identifies the definitional finding but conveys inclusion of a broad spectrum of infectious, metabolic, structural and other aetiologies.

Numerous infections, usually congenital, are implicated in neonatal hepatitis syndrome, including CMV, rubella virus, hepatitis B virus, herpes simplex virus, herpes zoster virus, Coxsackie and Echo viruses, paramyxovirus,[@bib325] toxoplasma and *Treponema pallidum*. An unusually high incidence of CMV infection (49%) was reported in a series of 45 cases from Taiwan.[@bib326] Herpes simplex virus, enteroviruses, adenovirus and hepatitis B virus may cause neonatal liver failure. In addition to genetic metabolic disorders, endocrine disorders may cause neonatal hepatitis syndrome. An association with hypopituitarism was reported in two infants by Herman et al.,[@bib327] and later Sheehan et al.[@bib328] Immunological disorders may cause neonatal hepatitis syndrome: neonatal lupus erythematosus is most common. Rarely a Coombs-positive haemolytic anaemia defines a severe form of giant cell hepatitis which rapidly progresses to cirrhosis or death.[@bib329] Early and sustained immunosuppressive therapy may control the disease in some patients.[@bib330] The liver lesion has been shown to recur in the allograft of the few cases transplanted.[@bib331], [@bib332] Infants with birth asphyxia may develop severe neonatal hepatitis syndrome.[@bib333], [@bib334] Conjugated hyperbilirubinaemia typically occurs at 1 week of age, lasts 3--4 months, and the hepatomegaly and liver tests return to normal by 1 year of age. Various hepatobiliary structural abnormalities, of which the most important is biliary atresia, are associated with the neonatal hepatitis syndrome. Furthermore certain chromosomal defects predispose to the neonatal hepatitis syndrome.

In approximately 30% of infants with conjugated hyperbilirubinaemia no aetiology is found. The prognosis for so-called idiopathic neonatal hepatitis is generally good; mortality runs at 13--25%.[@bib326], [@bib335] In the study of Dick and Mowat,[@bib324] two of 29 patients with idiopathic neonatal hepatitis died, and only a further two had signs of persisting liver disease. Overall, predictors of poor prognosis include persisting severe jaundice, acholic stools, prominent hepatomegaly, severe inflammation on liver biopsy, and familial occurrence. Numerous inherited disorders causing the neonatal hepatitis syndrome have recently been described in terms of gene defect, such as the bile canalicular transporter disorders and bile acid synthesis disorders, and these had previously been classified as idiopathic neonatal hepatitis. Undoubtedly other such disorders remain to be delineated. A hereditary form with *giant cell transformation and lymphoedema* resulting from abnormal deep lymphatics has been reported but the gene abnormality has not yet been determined.[@bib336], [@bib337] A further identified aetiology is *adenosine deaminase deficiency*, with recovery after enzyme replacement.[@bib338] Citrullinaemia type 2 due to deficiency of citrin can cause neonatal hepatitis syndrome (then also known as NICCD, neonatal intrahepatic cholestasis caused by citrin deficiency);[@bib339], [@bib340], [@bib341], [@bib342] it may occur in ethnicities other than East Asian. 'Le foie vide' describes a severe neonatal liver disorder characterized by failure of hepatocellular regeneration.[@bib343]

Histopathological features {#s0160}
--------------------------

Liver biopsy specimens are characterized by varying degrees of cholestasis (with or without pseudoglandular structures), giant cell transformation, ballooning, apoptotic bodies, extramedullary haemopoiesis, lobular and portal inflammation, and progressive fibrosis in some cases. Unusually severe inflammation and hepatocellular damage may be found in α1-antitrypsin deficiency, hereditary tyrosinaemia type 1, Niemann--Pick disease type C, syncytial giant cell hepatitis, citrullinaemia type 2, primary disorders of bile acid synthesis (mainly Δ[@bib4] ^−^3-oxosteroid 5β-reductase deficiency), bile salt export pump (BSEP) deficiency (progressive familial intrahepatic cholestasis type 2) and idiopathic neonatal hepatitis. Associated macrovesicular steatosis favours a metabolic disorder, e.g. tyrosinaemia. Confluent hepatocyte necrosis or loss with bridging collapse is seen in the rare patients presenting with acute-pattern neonatal liver failure or having a subacute clinical course associated with perinatal haemochromatosis, non-Wilsonian copper toxicosis, or other metabolic disorders such as tyrosinaemia (Chapter 4), and occasionally viral hepatitis, in particular infants born to mothers carrying the precore mutant of hepatitis B, and seronegative (idiopathic) neonatal hepatitis.

The pathological aspects of giant cell transformation, a frequent and often dominant finding in neonatal hepatitis, have been reviewed extensively.[@bib344], [@bib345], [@bib346] The change is seen throughout the parenchyma but it is often more marked in the perivenular areas. The giant cells contain four or more nuclei, sometimes as many as 40 per cell, have ill-defined outlines and may be detached from other cells in the hepatic plate ([Figure 3.20](#f0105){ref-type="fig"}, [Figure 3.21](#f0110){ref-type="fig"} ). The cytoplasm of some giant cells may contain remnants of cell membranes. It is partially rarefied and often contains bile and/or haemosiderin. The cells may have more glycogen than normal hepatocytes and a greater activity of a variety of enzymes, such as glucose 6-phosphatase, acid phosphatase and succinic dehydrogenase. Death of the giant cells is associated with a neutrophilic inflammatory response ([Fig. 3.22](#f0115){ref-type="fig"} ). In severe forms, extensive bridging cell loss may divide the parenchyma into micronodules which are highlighted by a reticulin stain ([Fig. 3.23A,B](#f0120){ref-type="fig"} ). The number of giant cells decreases as patients grow older, and are rare after the age of 1 year. Formation of giant cells is considered to be a characteristic change resulting from mitotic inhibition of the young, growing liver tissue by a number of agents such as viruses, drugs, or hereditary abnormalities,[@bib347] or from dissolution of cell membranes, as suggested by Craig and Landing,[@bib348] who first described this entity. Negative nuclear staining for cell proliferation markers and the demonstration of canalicular remnants using carcinoembryonic antigen (CEA) immunostaining support a fusion of rosette-forming hepatocytes as the likely mechanism of giant cell formation.[@bib346] Figure 3.20Neonatal hepatitis, idiopathic, with giant cell transformation. (H&E)Figure 3.21The same case as illustrated in [Figure 3.20](#f0105){ref-type="fig"}. Detail of multinucleated giant hepatocyte. Periphery of cell (left) suggests fusion with several smaller cells. (H&E)Figure 3.22The same case as illustrated in [Figure 3.20](#f0105){ref-type="fig"}, [Figure 3.21](#f0110){ref-type="fig"}. Neutrophilic satellitosis of degenerated giant cell. (H&E)Figure 3.23Severe neonatal hepatitis of undetermined cause. Extensive bridging parenchymal loss with concomitant reticulin collapse divides the parenchyma into minutes nodules with prominent giant cell transformation. (A) H&E; (B) Gordon-Sweet reticulin.

Paucity of the intrahepatic bile ducts {#s0165}
======================================

Paucity of the intrahepatic bile ducts has been reported in many conditions, either congenital or acquired, affecting all age groups, especially infants and children. The relevant finding is a reduction in the number of interlobular bile ducts, that is, in the small bile ducts with in portal tracts. The normal ratio of small bile ducts per portal tract in full-term infants, children and adults is 0.9--1.8 ducts per tract. In duct paucity syndromes this ratio is \<0.5 given an adequate number of portal tracts (at least 10) examined on biopsy. Premature infants have a reduced number of small bile ducts per portal tract and if they have duct paucity with cholestasis, it may be physiological. In addition, it must be noted that early biopsy specimens in a few cases of clinically undisputed paucity of the intrahepatic bile ducts have shown not only identifiable ducts, but significant ductular reaction. Liver disorders with paucity of the intrahepatic bile ducts are generally divided into two groups: 'syndromic', which refers to Alagille syndrome (AGS or ALGS), and 'non-syndromic', which refers to all the rest of these diseases. The non-syndromic duct paucity conditions include numerous diseases where portal small duct paucity is associated with another identifiable disease. These include infection (congenital rubella or cytomegalovirus infection), immune abnormality (graft-versus-host disease, liver allograft chronic rejection), and hepatotoxicity (due to carbamazepine or amoxicillin-clavulinic acid),[@bib349] the latter two groups being generally referred to as ductopenia, formerly vanishing bile duct syndromes (see Chapters 10 and 15). Various inherited metabolic diseases such as Zellweger syndrome, α1-antitrypsin deficiency, and inborn errors of bile acid metabolism (discussed in Chapter 4) may display paucity of the intrahepatic ducts. Chromosomal defects, such as 45XO Turner syndrome,[@bib350] trisomy 17--18, trisomy 21,[@bib351] and prune belly syndrome,[@bib352] may have duct paucity. More importantly, the term *non-syndromic duct paucity* may be used to refer to isolated, idiopathic paucity of interlobular bile ducts in infancy and childhood; this condition may be the same as idiopathic adulthood ductopenia. Finally, paucity of the intrahepatic ducts or ductopenia is frequently found as a late feature of certain chronic diseases such as biliary atresia, sclerosing cholangitis, Langerhans cell histiocytosis, and primary biliary cirrhosis (Chapter 10).

Patients in the *syndromic group* have Alagille syndrome (ALGS), also known as arteriohepatic dysplasia,[@bib353] Comprehensive descriptions have been reported by Alagille and colleagues[@bib354], [@bib355] and others.[@bib356], [@bib357], [@bib358] Two distinct genetic mechanisms are known to be responsible for Alagille syndrome. The vast majority of cases (ALGS1) are due to mutations in *JAGGED1* (*JAG1*, encoding the ligand for the Notch 1 receptor) on chromosome 20p12[@bib359], [@bib360] and may be associated with a macroscopic deletion of the short arm of chromosome 20 in some patients or microdeletions of 20p in others. The pattern of genetic transmission is autosomal dominant due to haploinsufficiency or dominant negative effect;[@bib360] gene penetrance is high but expression is extremely variable.[@bib361] The reported incidence of arteriohepatic dysplasia as 1 : 70 000 live births was an underestimate, and it is actually 1 : 30 000.[@bib358] Approximately 50--70% of patients have new mutations, rather than genetic transmission within the family. Crosnier et al.[@bib362] found mutations of the *JAG1* gene in 69 of 109 patients (63%) with Alagille syndrome, and transmission analysis showed a high frequency of sporadic cases (70%). Numerous mutations have now been defined.[@bib363]

The common clinical findings in Alagille syndrome include cholestatic liver disease due to paucity of the intrahepatic bile ducts (94%); congenital heart disease, usually peripheral pulmonary stenosis although complex congenital heart disease may occur (92%); a typical facies (91%); posterior embryotoxon in the eye (80--93%); and butterfly-shaped vertebral arch deficits (40--67%).[@bib357] The facies of Alagille syndrome consists of an inverted triangle shape, slight hypertelorism, deep-set eyes, broad and rather prominent forehead, and beak-like nose. Although the specificity of the facies has been questioned,[@bib364] it is accepted as a typical finding,[@bib365] better appreciated in the actual clinical setting than in photographs. The facies is sometimes not evident in the first months of life, and in adults the facies is somewhat different from that described in children (longer face, rather coarse features, prominent forehead, and comparatively small nose). Most patients have a systolic murmur related to stenosis of the pulmonary arterial system. More severe conditions include: tetralogy of Fallot, pulmonary valve stenosis, aortic stenosis, ventricular septal defect, atrial septal defect, anomalous pulmonary venous return, and complex problems involving a single right ventricle with pulmonary valve atresia.[@bib366], [@bib367] Up to 15% of patients may have life-threatening cardiac complications.[@bib355] In addition to posterior embryotoxon or Axenfeld anomaly, abnormal retinal pigmentation may be found.[@bib368] Strabismus, ectopic pupil, and hypotrophic optic discs have also been reported. Optic disc drusen, which are calcified deposits in the extracellular space of the optic nerve head, occur commonly in Alagille syndrome. These can be found by ocular ultrasound examination and it may facilitate the diagnosis.[@bib369] Other skeletal abnormalities include short distal phalanges and clinodactyly.[@bib370], [@bib371], [@bib372]

Other systems apart from those in the cardinal criteria for the syndrome may be affected. Renal abnormalities, such as tubulo-interstitial nephropathy, membranous nephropathy, single kidney and renovascular hypertension, may be prominent.[@bib373], [@bib374], [@bib375] The most frequent finding is mesangiolipidosis.[@bib376] Nephrolithiasis may occur, and various types of renal cystic disease have been reported.[@bib377] Renal tubular acidosis may develop.[@bib358] Two children with Alagille syndrome and nephroblastoma were reported.[@bib378] Systemic vascular disease appears to be more prevalent than originally appreciated. Several cases of moya-moya disease in association with Alagille syndrome have been reported.[@bib379], [@bib380], [@bib381] The propensity to intracranial bleeding found in the first few years of life in Alagille syndrome may be due to abnormal intracranial vessels.[@bib382], [@bib383], [@bib384] Abnormalities in the large intra-abdominal vessels have been found, and these abnormalities may complicate liver transplantation.[@bib381], [@bib385] Skin changes relate mainly to formation of xanthomas, which regress after successful liver transplantation.[@bib386]

Abnormalities of the biliary tract include hypoplasia of the extrahepatic bile ducts,[@bib387], [@bib388], [@bib389], [@bib390], [@bib391] hypoplasia of the gallbladder[@bib371] and cholelithiasis.[@bib387] Endoscopic retrograde cholangiopancreatography has demonstrated narrowing of the intrahepatic ducts, reduced arborization and focal areas of dilatation, as well as narrowing of the extrahepatic ducts.[@bib387], [@bib388], [@bib389]. Portal venous disease may also be present, specifically hypoplasia of the portal vein.[@bib392]

Many patients develop growth retardation prior to adolescence,[@bib393], [@bib394] especially if they have persisting clinical jaundice. Short stature is found in some affected children whose nutrition is normal. Although some display some degree of mental retardation, in general children with Alagille syndrome show a broad range of cognitive and intellectual ability. Nearly all patients have pruritus, although it may be mild. They have elevated serum bile acids, the levels of cholic acid being greater than those of chenodeoxycholic acid. Variable hyperlipidaemia (sometimes severe, with xanthomas) is frequent. Treatments for the pruritus include cholestyramine, rifampicin or surgical diversion of bile flow.[@bib358], [@bib395]

In general, the prognosis is good for children whose jaundice resolves; however, approximately 25% of patients succumb in childhood to severe cardiac disease or progressive liver disease. The outcome in 92 patients in the series of Emerick et al.[@bib357] was as follows: the 20-year predicted life expectancy was 75% for all patients, 80% for those not requiring liver transplantation, and 60% for those who required transplantation. Liver transplantation has been reserved for patients with chronic liver failure, intolerable pruritus unresponsive to medical treatment, and severe growth failure. Transplantation for hepatic decompensation was necessary in 19 of 92 cases (21%) with 79% alive 1 year post-transplantation; the mortality was 17%. In the Bicêtre series of 163 patients followed over a 40-year period, 102 of 132 patients presenting with cholestatic jaundice in infancy remained jaundiced at the study endpoint, and one-third required liver transplantation; cirrhosis was found in some children with Alagille syndrome but no neonatal hepatitis syndrome and none of them underwent liver transplantation (two succumbing to end-stage liver disease before the advent of liver transplantation).[@bib393] Overall survival in this series was 62% at 20 years and seemed unaffected by availability of liver transplantation.[@bib393] The mortality is higher among patients who have more severe cardiac disease or intracranial bleeding, or who had previously undergone portoenterostomy.[@bib396], [@bib397] A recent retrospective study suggested that affected pre-school-aged children with total serum bilirubin \>111 µmol/L, serum conjugated bilirubin \>77 µmol/L and serum cholesterol \>13.5 mmol/L were likely to have a severe outcome, irrespective of actual *JAG1* mutation.[@bib398] Liver transplantation is an option for those in end-stage liver failure, or with severe chronic cholestasis or intractable pruritus; however, severity of cardiac and renal involvement, as well as intra-abdominal vascular abnormalities, must be evaluated as contributing to increased surgical risk.[@bib399] Catch-up growth after transplantation is variable.[@bib400], [@bib401] Long-term complications of Alagille syndrome not requiring liver transplantation have been reported including renal failure and intracranial bleeding or stroke.[@bib357], [@bib391], [@bib393] Hepatocellular carcinoma has been reported in children and adults with Alagille syndrome.[@bib402], [@bib403], [@bib404], [@bib405], [@bib406] Although rare, hepatic malignancy may occur in infants with Alagille syndrome.

Histopathological aspects of Alagille syndrome are described in various reports and reviews.[@bib354], [@bib355], [@bib389], [@bib407], [@bib408], [@bib409], [@bib410], [@bib411], [@bib412], [@bib413] The major finding is absence of bile ducts from portal areas ([Figure 3.24](#f0125){ref-type="fig"}, [Figure 3.25](#f0130){ref-type="fig"} ). The ratio of interlobular bile ducts to the number of portal areas is between 0.0 and 0.4 compared with 0.9 and 1.8 in normal children. A reduced number of portal areas has been noted.[@bib407] The loss of bile ducts is progressive from early infancy to childhood.[@bib357], [@bib389], [@bib412], [@bib413], [@bib414] Cholangiodestructive lesions have been observed in infants between 3 and 6 months of age.[@bib389], [@bib413] The degree of cholestasis is variable in intensity and is especially prominent in the first 12 months of life. Immunohistochemical staining for endopectidase (CD10) is typically absent from the canalicular surface in children with Alagille syndrome.[@bib415] Giant cell transformation may be seen in early infancy.[@bib389], [@bib412], [@bib413] There is usually patchy pseudoxanthomatous change and accumulation of stainable copper and copper-associated protein in periportal hepatocytes.[@bib389], [@bib412], [@bib413] Copper accumulation has been demonstrated by quantitative methods in both syndromic and non-syndromic types of paucity of the intrahepatic bile ducts.[@bib408] Periportal fibrosis is mild, and it may remain unchanged long-term,[@bib354] possibly due to the absence of ductular reaction, known to play a role in periportal fibrogenesis. Nonetheless, although progression to cirrhosis is rare, occasional patients do develop extensive fibrosis or cirrhosis ([Fig. 3.26](#f0135){ref-type="fig"} ). Portal inflammation and periportal ductular reaction, when present, are seen mainly in early infancy and can suggest the presence of distal duct obstruction.[@bib389], [@bib413], [@bib416] Figure 3.24Arteriohepatic dysplasia. Two fused portal areas lack bile ducts. (H&E)Figure 3.25The same case as illustrated in [Figure 3.24](#f0125){ref-type="fig"}. Portal area contains vessels but no ducts. There is patchy periportal fibrosis but no cholangiolar proliferation. (Masson trichrome)Figure 3.26Arteriohepatic dysplasia. Micronodular cirrhosis. Note ductopenia, moderate septal inflammation and cholate stasis. (H&E)

Ultrastructural studies of the intrahepatic bile ducts in Alagille syndrome have been reported.[@bib410], [@bib412], [@bib413], [@bib417] Bile canalicular changes are controversial. In one study of 12 biopsies from 10 patients, distinctive ultrastructural changes were noted.[@bib410] Bile pigment retention was found in the cytoplasm of liver cells, especially in lysosomes and in vesicles of the *cis*-Golgi, but only rarely in bile canaliculi or the immediate pericanalicular region. It was suggested that the basic defect in Alagille syndrome involves the bile secretory apparatus.[@bib410] The aetiopathogenesis of the cholangiodestructive lesions described histopathologically and ultrastructurally remains to be elucidated, but the possibility of 'disuse atrophy' has been raised by two groups of investigators.[@bib410], [@bib413] Recent studies suggest defective branching of intrahepatic bile ducts in the postnatal period.[@bib418]

Alagille syndrome is the first childhood disorder identified with a mutation in a ligand for a Notch protein. *JAG1* encodes a ligand of Notch 1, one of a family of transmembrane proteins with epidermal growth factor (EGF)-like motifs. Notch proteins are highly conserved and have a role in determining cell fate during differentiation, especially in tissues where epithelial-mesenchymal interactions are important.[@bib419] Jagged/Notch interactions are known to be critical for determination of cell fates in early development. Notch 4 expression during embryogenesis is seen in endothelial cells of vessels forming the dorsal aorta, intersegmental vessels, cephalic vessels and the heart. The expression of Notch 1 and its ligand includes many of the organs potentially abnormal in Alagille syndrome.[@bib420] *JAG1* plays an important role in embryogenesis of the heart, kidneys and blood vessels; in embryonic and fetal liver it is expressed in portal vascular tissue. Recent studies in mice indicate that Notch signalling regulates the remodelling of the ductal plate and bile duct morphogenesis and that Jagged 1 plays an important role in this complex process.[@bib421] Jagged 1 on ductal plate and Notch 3 on portal tract mesenchyme and hepatic arterial endothelium interact for ductal plate remodelling and development of intrahepatic bile ducts.[@bib422], [@bib423] Mice with defects in murine *Jagged 1* and *Notch 2* expression have abnormalities similar to human Alagille syndrome; zebrafish with knockdowns of *jagged* ± *notch* genes have biliary, pancreatic, cardiac, renal, and craniofacial developmental abnormalities; these studies suggest that Notch may promote biliary epithelial cell evolution from a bipotential precursor cells.[@bib424] In humans, mutations in *JAG1* result in truncated, and inactive proteins; since residual gene expression cannot compensate, there is haploinsufficiency.[@bib363] Dose of Notch ligands is critical and this may contribute to the clinical diversity of Alagille syndrome. No clear relationship between genotype and phenotype has been found, but the Delta/Serrate/Lag-2 (DSL) domain in the JAG1 protein may influence the severity of liver disease.[@bib425], [@bib426], [@bib427]

A second genetic basis for Alagille syndrome has been reported. Children with mutations in the gene encoding Notch 2 (found on chromosome 1p13) have a clinical disorder like conventional Alagille syndrome, except for a somewhat more severe renal disease.[@bib428] Notch 2 appears to have an important role in bile duct development.[@bib429], [@bib430] This second version of Alagille syndrome is designated ALGS2, but it accounts for a very small proportion of cases.

In contrast to patients with Alagille syndrome, those with non-syndromic bile duct paucity do not have a constellation of extrahepatic disorders. Children with non-syndromic bile duct paucity are supposed to have a less favourable outlook than children with Alagille syndrome. They present with persistent cholestasis and severe pruritus. Growth retardation is common. No associated aetiological agent, defined genetic factors or congenital anomalies have been found in this group, except for one study of 10 patients with a high rate of consanguinity.[@bib431] A chronic cholestatic disease with duct paucity, called idiopathic adulthood ductopenia, has been described in adults.[@bib432], [@bib433], [@bib434] Most of these patients are young adults, although patients over 60 have been reported.[@bib435] Non-syndromatic paucity of bile ducts in infancy and idiopathic adulthood ductopenia may be related diseases. The outlook for younger patients with idiopathic adulthood ductopenia is poor; approximately 50% succumb to progressive liver disease or require transplantation. Hepatocellular carcinoma has been reported in a woman with intrahepatic biliary hypoplasia, apparently distinct from Alagille syndrome.[@bib436]

A histopathological study of 17 children with non-syndromic paucity of bile ducts was reported by Kahn et al.[@bib437] Before 90 days of age there was paucity of ducts and periportal fibrosis as well as nonspecific parenchymal changes (cholestasis, giant cell transformation, perisinusoidal fibrosis and haematopoiesis). After 90 days the duct paucity and fibrosis persisted but cholestasis was mild or no longer apparent. Kahn et al.[@bib437] suggested that the paucity in non-syndromic cases may result from a primary ductal insult with destruction and disappearance of the ducts. The differential diagnosis of paucity of the intrahepatic bile ducts in children and adults has been reviewed by West and Chatila.[@bib438]

Congenital dilatations of the bile ducts {#s0170}
========================================

Congenital dilatations of the bile ducts are classified into five types, both extrahepatic and intrahepatic:[@bib439]

•Type I -- a dilatation of the common bile duct which may present three anatomical variations:aLarge saccularbSmall localizedcDiffuse fusiform.•Type II -- diverticulum of the common bile duct or the gallbladder•Type III -- choledochocoele•Type IV -- multiple intrahepatic and extrahepatic dilatations (Caroli disease)•Type V -- fusiform intrahepatic and extrahepatic dilatations.

Types I and IV account for the majority of reported cases although types IV and V may prevail in the Far East, where the disease occurs more frequently. Type IV cysts are more frequent in adults than in children.[@bib440] Although this classification remains in common use, its value has been questioned by Visser et al.,[@bib441] who consider the distinction between type I and IV arbitrary; they suggest that the term 'choledochal cyst' should be reserved for congenital dilatation of the extrahepatic and intrahepatic bile ducts, other forms being referred to by their name, for example choledochocoele and bile duct diverticulum. Caroli disease, assimilated to type IV in Hadad classification, is not clearly related to 'choledochal cyst', given its common association with both congenital hepatic fibrosis and fibrocystic lesions in the kidney and its distinct morphological features (see below).

Choledochal cyst {#s0175}
----------------

The classic clinical triad of pain, a mass in the right upper quadrant and jaundice, occurs in less than a third of patients with a choledochal cyst.[@bib442], [@bib443] In children, jaundice is the most common presentation, while in adults the signs and symptoms are those of ascending cholangitis.[@bib444] In the early years of life cholestasis is usually associated with cystic dilatation of the common bile duct and accounts for 2% of infants presenting with cholestasis. Up to 60% of choledochal cysts are diagnosed before age 10 years, but diagnosis can be made at any age and some cases may present for the first time at as late as the 8th decade of life.[@bib445] Several cases have been diagnosed antenatally.[@bib446], [@bib447] Some 80% of the patients are female. Differences in presentation between children and adults with choledochal cysts have been emphasized in two large series.[@bib448], [@bib449], [@bib450] The preoperative diagnosis can be made in the majority of patients by cholangiographic studies, ultrasonography and isotope scanning.[@bib451] Dynamic magnetic resonance cholangiopancreatography (MRCP), including secretin stimulation, contributes to the understanding of the pathophysiology.[@bib452]

Complications include perforation, liver abscesses, stone formation, secondary biliary cirrhosis, pancreatitis, amyloidosis and carcinoma of the biliary tree.[@bib442], [@bib453], [@bib454], [@bib455], [@bib456], [@bib457] Regression of biliary cirrhosis following drainage of a choledochal cyst has been reported.[@bib458] One case presented with anaemia secondary to bleeding from erosions of the duodenal mucosa between the ampullary sphincter and the sphincters of the common bile duct and pancreatic duct.[@bib459] Biliary tract anomalies reported in association with a choledochal cyst include double common bile duct, double gallbladder, absent gallbladder, annular pancreas, biliary atresia or stenosis,[@bib460] stenoses of the intrahepatic bile ducts,[@bib461] and most commonly anomalies of the pancreaticobiliary junction.[@bib462], [@bib463], [@bib464] In a series of 104 choledochal cysts from Japan, 25% were found to have co-existing biliary anomalies.[@bib465] Differences between (1) isolated choledochal cysts and (2) choledochal cysts associated with biliary atresia have been noted by ultrasonography. In the former the cysts are larger, intrahepatic ducts are dilated and the gallbladder is not atretic as compared to those with choledochal cysts and biliary atresia.[@bib466] In general, the apparent choledochal cyst associated with biliary atresia is actually proximal duct dilatation associated with focal atresia of the distal common bile duct, so-called 'correctable' or cystic atresia.

Maljunction of the pancreaticobiliary ductal system (common channel) remains the most plausible aetiopathogenic mechanism for choledochal cysts, and this is supported by experimental studies.[@bib467] The lesion is defined as a junction of the pancreatic and bile ducts located outside the duodenal wall, usually forming a markedly long common channel. The anomaly allows pancreatobiliary regurgitation since hydrostatic pressure within the pancreatic duct is usually higher than that in the common bile duct. As a result, high pancreatic enzyme levels are found in the bile. Common channels may occur without bile duct dilatation and lead to primarily gallbladder rather than biliary complications including malignancy. In this instance prophylactic cholecystectomy might be sufficient whereas biliary complications and the risk of cholangiocarcinoma underpin the need for radical surgical resection in those associated with choledochal cysts.[@bib464]

Reovirus 3 RNA sequences have been recovered from resected choledochal cysts,[@bib224] but the implication of reovirus infection in the aetiology of choledochal cyst is unclear. A single report of choledochal cysts in association with familial adenomatous polyposis raises the possibility of a genetic basis for the cysts.[@bib468]

Treatment is by complete cyst resection, cholecystectomy and Roux-en-Y hepaticojejunostomy as a preventive measure against the subsequent development of carcinoma.[@bib469], [@bib470] Laparoscopic repair has been successful in two recent series.[@bib471], [@bib472] Dilemmas may arise when the cysts involve the intrahepatic or intrapancreatic segments, requiring more extensive surgery, given the small risk of malignancy developing in cystic remnant at the anastomotic site or in the dilated intrahepatic bile duct of type IV or V cysts.[@bib443], [@bib473] In a report of 48 Japanese patients treated by total or subtotal excision, no malignant change occurred after a mean follow-up of 9.1 years.[@bib474] Choledochal cysts vary greatly in size with some of the larger ones containing 5--10 litres of bile ([Figure 3.27](#f0140){ref-type="fig"}, [Figure 3.28](#f0145){ref-type="fig"} ). Histopathologically, the wall is usually thickened by inflammation and fibrosis, and is bile stained. Smooth muscle fibres may be identified in the lower portion of the cyst but not in the narrow (intrapancreatic) portion.[@bib475] There is generally no epithelial lining but islets of cylindrical or columnar epithelium may be preserved ([Fig. 3.29](#f0150){ref-type="fig"} ). Intestinal metaplasia with mucous gland proliferation, as well as the presence of goblet and Paneth cells and neuroendocrine differentiation, have been reported.[@bib476], [@bib477] According to Komi et al.[@bib477] the intestinal metaplasia increases with age, so that it can be demonstrated in almost all cysts from patients over 15 years of age. Kusunoki et al. noted the absence of ganglion cells in the narrow portion of a choledochal cyst, and suggested that the cyst could be the result of postganglionic neural dysfunction.[@bib478] Figure 3.27Choledochal cyst measuring about 10 cm in diameter. Note numerous vessels over the surface.Figure 3.28Same cyst as illustrated in [Fig. 3.27](#f0140){ref-type="fig"}. Opened, collapsed cyst has a smooth inner lining. It did not contain bile.Figure 3.29Segment of wall of choledochal cyst shows inflammation and focal epithelial ulceration. (H&E)

The majority of tumours arising in congenital cystic dilatations of the bile ducts are adenocarcinomas, but some anaplastic and several squamous carcinomas have been reported[@bib479], [@bib480], [@bib481] and one report mentioned sarcomatous changes.[@bib482] The overall incidence of carcinoma arising in all cystic dilatations of the bile ducts is about 3%.[@bib480] The risk is age-related, increasing from 0.7% in the first decade to 6.8% in the second decade to 14.3% in later decades.[@bib481] The complication is thus usually seen in adults; only three patients reviewed by Iwai et al. were under 18 years of age.[@bib483] An 11-year-old boy is the youngest so far reported.[@bib484] Reveille et al.[@bib485] found that stasis of bile in the choledochal cyst contributes to bacterial overgrowth and the generation of unconjugated secondary bile acids, a possible cause of biliary metaplasia and carcinoma. Interestingly, bile from congenital choledochal cyst patients is shown to promote the proliferation of human cholangiocarcinoma QBC939 cells.[@bib486] Certain bile acid fractions together with reflux of pancreatic enzymes may play a primary role as pancreaticobiliary maljunction is associated with an increased risk of biliary tree malignancy irrespective of the presence of cysts.[@bib487]

Hereditary fibropolycystic disease of the liver (ductal plate malformation) {#s0180}
===========================================================================

The term *fibropolycystic diseases* of the liver -- not to be confused with cystic fibrosis -- is used to describe a heterogeneous group of genetic disorders in which segmental dilatations of the intrahepatic bile ducts and associated fibrosis can be interpreted as sequelae of persistence and/or aberrant remodelling of the embryonal ductal plate (Chapter 1). They represent a spectrum of microscopic and/or macroscopic cystic lesions often associated with fibrocystic anomalies in the kidneys. The severity of the renal lesions may overshadow the liver disease, as in the early presentation of autosomal recessive polycystic kidney disease. Conversely, portal hypertension with a preserved liver function may later in life dominate the picture, as exemplified by congenital hepatic fibrosis. Cholangitis may develop, especially when the cysts communicate with the biliary system. These abnormalities are classified as ductal plate malformation,[@bib488], [@bib489] a term which refers to the histological changes of circumferentially disposed and variably ectatic bile ducts and ductules, often directly abutting the hepatocytic plates, which resemble an exuberant embryonal ductal plate. The main disorders, in particular autosomal recessive polycystic kidney disease (ARPKD), the closely associated congenital hepatic fibrosis and Caroli disease, and autosomal dominant polycystic kidney disease (ADPKD), are discussed in detail, whereas the rarer associated syndromes, which have been comprehensively reviewed by Knisely,[@bib490] are briefly mentioned. Over the past decade genes and encoded proteins for several of these disorders have been identified and these are summarized in [Table 3.2](#t0015){ref-type="table"} . The recognition that the 'cystoproteins', the mutation of which causes polycystic disease, have been localized in the primary cilia or basal bodies of tubular epithelial cells has led to a renewed interest in these forgotten structures. The clinicopathological discussion of specific disorders is therefore preceded by a short account on cilia and cystogenesis; more details and comprehensive references can be found in recent reviews.[@bib491], [@bib492] Table 3.2Genes and encoded proteins in polycystic diseases of kidney and liverDisorderGeneProductLocalized in ciliumARPKD*PKHD*Fibrocystin/polyductinYesADPKD*PKD1*Polycystin 1Yes*PKD2*Polycystin 2YesPCLD*PRKCSH*β-subunit of glucosidase IINo*SEC63*Component of translocon in endoplasmic reticulumNo[^6]

Primary cilia and cystogenesis {#s0185}
==============================

Most studies on mechanisms of cyst development in hereditary polycystic disease have been conducted in the kidney, but there are strong suggestions that a number of pathways are common to the conversion of tubes into cysts in general, and especially in the kidney tubules and the hepatic bile ducts. Primary (or solitary) cilia arise from centrioles and form a finger-like extension of the cytoplasm covered with the cell membrane. In their axis primary cilia contain a system of nine pairs of longitudinal microtubules arranged in a circle (the axoneme); in contrast, motile cilia (such as those in ciliated respiratory epithelium) contain a set of two centrally-located microtubules within the circle of the nine pairs of longitudinal microtubules ('9+2 pattern'). The pattern typical of, and defining, primary ciliary is the '9+0 pattern'.[@bib493] The microtubules secure the circulation of non-membrane bound macromolecules -- intraflagellar transport -- which is essential for the assembly and maintenance of cilia and also acts as a sensory process, in that the particles and associated peptides are changed in the cilium and carry a message back to the cell body. The solitary cilium is at present considered to represent a sensory antenna, functioning through the polycystin complex as a mechanotransducer. Loss of function of the complex results in perturbation of normal intracellular Ca^2+^ concentration which underlies a multitude of pathological reactions.[@bib494] Severe alterations in structure and function of tubular or ductal cells will follow involving cell--cell contact, actin cytoskeleton organization, cell-extracellular matrix interactions, cell proliferation and apoptosis.[@bib495]

An enticing finding of recent years has been the demonstration that most proteins mutated in experimental polycystic disease have been localized in the primary cilia or basal bodies of tubular epithelial cells.[@bib496] They include those responsible for human disease, in particular polycystin-1 and polycystin-2,[@bib497] fibrocystin/polyductin[@bib498] but not the cystoproteins of isolated PCLD: hepatocystin and SEC63.[@bib499] Mutational analysis best studied in ADPKD suggests that both germline and somatic mutations may be involved in a two-hit model, either as a prerequisite initiating event or as somatic later event needed for cyst expansion and progression.[@bib496] Although the ciliary model is most attractive, it may represent only one of several parallel pathways that control essential cellular functions such as proliferation, apoptosis, adhesion, and differentiation.[@bib500]

Cyst epithelial lining cells show profound pathological alterations. An increased proliferation has been observed in ADPKD, comprising formation of papillary projections and overexpression of Ki-67 and PCNA (proliferating cell nuclear antigen), a loss of their 'planar or tissue polarity' (the ability to sense their position and orientation relative to the overall orientation of the epithelial sheet) and a switch from an absorptive into a secretory cell type, resulting in fluid secretion that is responsible (together with epithelial proliferation) for further cyst expansion.[@bib501] Although studies of cyst development have been mainly performed in kidney, primary cilia have been explored in cholangiocytes[@bib502], [@bib503] and evidence produced that -- at least to some extent -- cystogenesis in bile ducts and ductules may be similar to that in the kidney. In ADPKD, PKD1 and PKD2 are co-localized in bile duct epithelial cells[@bib504] and the two-hit model of germ-line plus somatic mutations of PKD1 in focal liver cyst development appears applicable, as in the kidney cysts.[@bib505] Biliary cyst, like kidney cyst, expansion occurs by secretion (as well as proliferation) of the cyst lining epithelial cells. Autocrine and paracrine factors, including IL-8, epithelial neutrophil attractant 78, IL-6, and vascular endothelial growth factor, secreted into the cystic lumen modulate the rate of errant hepatic cyst growth.[@bib506] In ARPKD, findings suggestive of similarity with renal cystogenesis include: the localization of PKHD1 in the cilia of cholangiocytes in the PCK rat,[@bib502] which is a model for Caroli syndrome,[@bib507] the finding that hepatocyte nuclear factor1β (HNF1β) localized in bile duct epithelium regulates expression of PKHD1,[@bib508] together with other 'cystoproteins' that co-localize into the cilium.[@bib509]

Differences in cystogenetic pathways between liver and kidney in ARPKD are indicated in animal models of the disease.[@bib491] The mouse *cpk* mutation is the most extensively characterized murine model, closely resembling human ARPKD, with the exception that the B6-*cpk/cpk* homozygotes do not express the lesion of ductal plate malformation (DPM). However, homozygous mutants from outcrosses to some other strains, express the DPM. Genetic analysis supports a loss-of-function model (two-hit model) for biliary cysts developing in an age-dependent fashion. There is no correlation between the severity of the DPM and the renal cystic disease. Expression of the biliary lesion is modulated by genetic background, and the specific biliary phenotype (DPM-predominant or cyst-predominant) is determined by whether loss of function of the *cpk* gene occurs as a germline or a somatic event.[@bib510]

In the mouse model generated by targeted mutation of *Pkdh1*, the animals develop severe malformation of their intrahepatic bile ducts, but develop normal kidneys.[@bib511] The cholangiocytes maintain a proliferative state secreting TGFβ1 that continuously stimulates mesenchymal cells to synthesize and put down extracellular matrix, resulting in fibrosis. The findings suggest that fibrocystin/polyductin, already expressed in the embryonic ductal plate stage[@bib512] acts as a matrix sensor and signal receptor during intrahepatic bile duct development, and that its mutation results in a congenital hepatic fibrosis (CHF)-like picture.[@bib513] Its role in liver and kidney appears to be functionally divergent, because protein domains essential for bile duct development do not affect nephrogenesis in this model.[@bib511]

Autosomal recessive polycystic kidney disease (ARPKD) {#s0190}
=====================================================

Infantile presentation {#s0195}
----------------------

This disease is inherited in an autosomal recessive manner. The prevalence is estimated to be between 1: 10 000 and 1: 60 000 live births.[@bib514] The gene for this disorder, *PKHD1* (polycystic kidney and hepatic disease 1), was mapped to chromosome 6p 21.2--p12,[@bib515], [@bib516] both the severe and mild form of the disease mapped to the same locus.[@bib517], [@bib518] The gene encodes a 4074-amino-acid protein, called fibrocystin[@bib519] or polyductin[@bib520]; this large transmembrane polypeptide, also known to localize to the cilia[@bib498] may be a receptor that acts in the differentiation of renal collecting-duct and bile duct. An animal model is widely used.[@bib510] In humans there is an equal sex incidence. Depending on the age of presentation and the degree of renal involvement, ARPKD has been divided into four types by Blyth and Ockenden[@bib521] -- perinatal, neonatal, infantile and juvenile. These authors proposed that four different mutant alleles are responsible, and that there may be a fifth group in which the onset of symptoms is later than juvenile. ARPKD has been reviewed by a number of authors.[@bib253], [@bib522], [@bib523]

The *perinatal* type is the most severe form. Fifty per cent of patients are diagnosed perinatally and die shortly after birth.[@bib517] In the series of Blyth and Ockenden[@bib521], no infant survived beyond 6 weeks of age. The majority of patients were admitted with signs of respiratory distress and had marked abdominal distension due to huge symmetrical renal masses. Liver function test abnormalities were uncommon. Surviving patients with the *neonatal* type of the disease develop gradually increasing renal insufficiency and systemic hypertension. Pyelonephritis is common. Portal fibrosis and cystic dilatation of bile ducts are severe, and cholangitis is a frequent complication. In the *infantile* group the clinical picture is either of chronic renal failure or of increasing portal hypertension. Portal fibrosis is moderate. The *juvenile* group of Blyth and Ockenden[@bib521] typically includes children (1--5 years old) who present with portal hypertension. Liver histopathological changes are marked. It is likely that this group represents cases of congenital hepatic fibrosis, as suggested by Landing et al.[@bib524] Gang and Herrin[@bib525] have found that ARPKD has a spectrum of phenotype expression with prognostic implications, but suggest that not all cases fit into the sharply defined subgroups of Blyth and Ockenden. In their study of 11 patients, four had 90% or more renal cystic change; these patients did not survive beyond 20 days of birth. In contrast, five of the seven less severely affected patients with a 20--75% range of cystic changes in the kidneys were all alive at 6--21 years of age.

The liver in ARPKD does not appear abnormal macroscopically, although it may be enlarged and firm. Histologically, the changes range from a persistent, circular ductal plate ([Fig. 3.30](#f0155){ref-type="fig"} ) to a striking increase in the number of biliary channels which arise in portal areas and extend irregularly and deeply into the parenchyma ([Fig. 3.31A](#f0160){ref-type="fig"} ). They appear to branch or 'anastomose' and often show polypoid projections ([Fig. 3.31B](#f0160){ref-type="fig"}). Normal interlobular ducts with corresponding arteries are not seen. According to Witzleben,[@bib522] the biliary channels are in continuity with the rest of the biliary system, similar to the cystic spaces of Caroli disease ('communicating' cystic disease), in contrast to the non-communicating ADPKD. The supporting connective tissue is very scanty and, in the intralobular extensions, the basement membrane of the epithelium appears to be in direct contact with the liver cell plates. The epithelial lining consists of a single layer of low columnar to cuboidal cells. Cyst formation is uncommon. The dilated channels may contain a small quantity of a pink or orange-coloured material or, rarely, pus. Reconstruction studies by Adams et al.[@bib526] have shown irregularly dilated ducts running longitudinally at the periphery of the portal tract and anastomosing so extensively that they formed a single annular channel; no main interlobular duct could be identified in that portal tract or in several others from the same liver. A stereological study of 10 cases by Jörgensen[@bib527] showed ductal structures that could be divided into two groups: one consisted of irregular tubular structures shaped like circular cylinders, and the other of elliptical cylinders (the 'ductal plates'). These were dilated but cysts were rare. In patients who survive for months or years there is marked fibrosis in the liver as well as kidney lesions which appear to have been progressive lesions.Figure 3.30Autosomal recessive polycystic kidney disease: unusually prominent ductal plate in the liver of a stillborn fetus with huge polycystic kidneys. (H&E)Figure 3.31Autosomal recessive polycystic kidney disease. (A) The bile ducts form an interrupted ring at the periphery of what should eventually become a portal area. There is no interlobular bile duct. Note branch of portal vein, as well as smaller vessels. (H&E) (B) The same case, with higher magnification of part of the ductal plate showing irregularity in outline of the ducts with polypoid projections into a dilated lumen. The lining epithelium is low cuboidal. (H&E)

Juvenile and adult presentation -- congenital hepatic fibrosis (CHF) {#s0200}
--------------------------------------------------------------------

Congenital hepatic fibrosis is considered a variant of ARPKD affecting predominantly children and adolescents, some cases being identical to the 'juvenile' form. The inheritance pattern is not a simple autosomal recessive one. *PKHD1* missense mutation has been identified in cases of congenital hepatic fibrosis with minimal kidney involvement.[@bib528] It may be associated with dilatation of the intra- or extrahepatic bile ducts,[@bib529], [@bib530] so-called Caroli syndrome (see below), the intrahepatic cysts being detectable by ultrasonography or magnetic resonance cholangiography.[@bib531] Infants present with abdominal distension from enlarged organs, respiratory distress and systemic hypertension. Older patients come to medical attention because of hepatosplenomegaly or bleeding from oesophageal varices[@bib532], but asymptomatic cases have been reported.[@bib533] Cholangitis as a manifestation of CHF has been emphasized by Fauvert and Benhamou,[@bib533] who recognized four clinical forms -- portal hypertensive, cholangitic, mixed portal hypertensive-cholangitic and latent forms. The pure cholangitic form is rare. In the mixed form patients suffer from recurrent bouts of cholangitis, with or without jaundice, in addition to the manifestations of portal hypertension.

In one series of 42 children with ARPKD from 20 sibships, 12 patients presented in the perinatal period, nine in the neonatal period, 13 in the infantile period, and eight in the juvenile period; the presentation and course of the disease was disparate in over 50% of patients.[@bib534] The organ predominantly affected may vary within the same family. Routine liver enzymes are usually normal, although alkaline phosphatase levels may be increased.

When present, the usual renal disease in CHF is medullary tubular ectasia, a fusiform or cystic dilation of tubules (particularly the collecting ducts). Occasionally, patients have cystic kidneys typical of adult-type polycystic disease (ADPKD), an autosomal dominant disease, and others may have nephronophthisis.[@bib535], [@bib536], [@bib537], [@bib538]

The prognosis in patients surviving beyond the neonatal period is generally good and depends on the extent of hepatic and renal disease. Death related to renal failure or uncontrollable variceal bleed is now exceptional.[@bib539] The combination of a patent portal vein and well-preserved liver function makes patients with CHF ideal candidates for standard portosystemic shunt surgery. Follow-up examination of 16 patients who underwent portosystemic shunt surgery[@bib540] revealed no impairment of liver function or hepatic encephalopathy. Development of cholangiocarcinoma may have been a chance occurrence in an adult case not associated with Caroli disease.[@bib541], [@bib542]

Pathological descriptions of CHF have been published by many authors.[@bib522], [@bib533], [@bib543] Grossly, the liver is enlarged, has a firm to hard consistency, and shows a fine reticular pattern of fibrosis; no cysts are visible to the naked eye. Although the entire liver is usually involved, occasional lobar cases of CHF are described.[@bib540]

Microscopically, there is diffuse periportal fibrosis, the bands of fibrous tissue varying in thickness. Irregularly shaped islands of hepatic tissue, some incorporating several lobules, may be seen ([Fig. 3.32](#f0165){ref-type="fig"} ). When the bands of fibrous tissue are thick, hepatic venules may be encroached upon and become incorporated within the fibrous tissue; thus, portal hypertension in this condition may not always be presinusoidal. The fibrous bands may encircle single or groups of lobules; occasionally, a small islet of hepatic tissue becomes separated from an acinus and encircled by fibrous tissue. Numerous uniform and generally small bile ducts are scattered in the fibrous tissue ([Fig. 3.33](#f0170){ref-type="fig"} ). An interrupted circular arrangement of the ducts (ductal plate malformation) is often recognizable ([Fig. 3.34](#f0175){ref-type="fig"} ). The ducts are lined by cuboidal to low columnar epithelium and may contain bile or traces of mucin. They may be slightly dilated and irregular in outline. Cholestasis is not a feature of the uncomplicated case of CHF. Reduction in the number of portal vein branches is often apparent, the likely cause of the portal hypertension. There is generally little inflammation in CHF except in cases associated with cholangitis, when numerous neutrophils infiltrate ducts, ductules and surrounding connective tissue ([Fig. 3.35](#f0180){ref-type="fig"} ); rupture of the ducts can result in micro-abscess formation. Histopathologically, the latter cases may be difficult to differentiate from extrahepatic biliary obstruction with ascending infection, particularly since there may be an associated tissue cholestasis. The correct diagnosis must be based on the history, clinical findings and the results of imaging studies. Cholestasis is particularly prominent in those cases associated with microscopic dilatation of the intrahepatic bile ducts, too subtle to be seen on imaging ('microscopical Caroli'). Recurrent cholangitis may lead to progressive fibrosis with functional impairment similar to cirrhosis.Figure 3.32Congenital hepatic fibrosis. Jigsaw pattern of hepatic parenchyma and fibrous tissue. (PAS)Figure 3.33Congenital hepatic fibrosis. Fibrous tissue contains small bile ducts, a few of which are dilated and contain bile. Note absence of inflammation. The adjacent hepatic parenchyma shows no evidence of cholestasis and the patient is jaundice-free. (H&E)Figure 3.34Congenital hepatic fibrosis. The same case as illustrated in [Figure 3.33](#f0170){ref-type="fig"}. Appearance of ducts suggests part of a ductal plate malformation. (H&E)Figure 3.35Congenital hepatic fibrosis, 'cholangitic type'. The ducts are involved by an acute cholangitis. (H&E)

A number of malformation syndromes, characterized by hepatic morphological changes which resemble those of CHF (ductal plate malformation), can be differentiated by the associated findings. They include:

•*Medullary cystic kidney disease 1* (MCKD1),[@bib544] which has an autosomal dominant inheritance, has been mapped to chromosome 1q21•*Medullary cystic kidney disease 2* -- via uromodulin (UMOD 2),[@bib545] also autosomal dominant, mapped to chromosome 16p12•*Nephronophthisis* -- *congenital hepatic fibrosis*,[@bib546] a recessive disorder, whose gene *NPHP1* has been mapped to chromosome 16p12•*Meckel syndrome* [@bib547] with encephalocoele, polydactyly and cystic kidneys•*Renal-hepatic-pancreatic dysplasia* [@bib548] with polycystic kidney disease, ductal plate malformation in liver and pancreatic dysplasia, incompatible with postnatal survival, candidate genetic locus on chromosome 3•*Asplenia with cystic liver, kidney and pancreas*, which represents Ivemark syndrome with variants,[@bib549] possibly in the same spectrum as renal-hepatic-pancreatic dysplasia•*Ellis--van Creveld syndrome or chondroectodermal dysplasia* [@bib550] with polydactyly, short limbs, short ribs, postaxial polydactyly, and dysplastic nails and feet, which has been mapped to chromosome 4p16•*Sensenbrenner syndrome* (*cranio-ectodermal dysplasia*)[@bib551] with dwarfism and progressive tubulo-interstitial nephritis•*Asphyxiating thoracic dystrophy (Jeune syndrome)* [@bib552] with skeletal dysplasia, pulmonary hypoplasia and retinal lesions•Congenital disorder of glycosylation, type Ib (phosphomannose isomerase deficiency),[@bib553] sometimes with protein-losing enteropathy (see Chapter 4)•*Joubert syndrome* with cerebellar vermis hypoplasia/aplasia, colobomata, and psychomotor retardation;[@bib554] recently defined by the acronym *COACH syndrome* (Cerebellar vermis hypoplasia, Oligophrenia, Ataxia, Coloboma, and Hepatic fibrosis) shown to carry mutation in a Meckel syndrome gene (*MKS3*)[@bib555], [@bib556]•*Vaginal atresia syndrome* [@bib524]•*Tuberous sclerosis*.[@bib524]

Caroli disease {#s0205}
--------------

This disease generally involves the entire liver, but it may be segmental or lobar.[@bib557], [@bib558], [@bib559] The inheritance is autosomal recessive. By 1982, some 99 cases had been reported; they were evaluated together with 10 personally studied cases by Mercadier et al.[@bib560] Since then, many other case reports, as well as small series, have been reported.[@bib561], [@bib562] Clinically, patients suffer from bouts of recurrent fever and pain. Jaundice occurs only when sludge or stones block the common bile duct. Liver enzymes are generally normal except during episodes of biliary obstruction. The diagnosis is established by a variety of imaging modalities including ERCP, ultrasonography, computed tomography and MRCP.[@bib563], [@bib564], [@bib565], [@bib566]

The complications of Caroli disease resemble those of choledochal cyst and include recurrent cholangitis, abscess formation, septicaemia, intrahepatic lithiasis and amyloidosis. Spontaneous rupture of a bile duct was reported by Chalasani et al.[@bib567] Adenocarcinomas, including some arising in cases with a lobar distribution, have also been reported;[@bib542], [@bib568] their incidence is 7%.[@bib569] Hepatocellular carcinoma occurs rarely.[@bib570] Medical treatment consists of symptomatic, or prophylactic, treatment of cholangitis and promotion of bile flow with ursodiol. Surgical treatment includes internal or external drainage procedures.[@bib560] Transhepatic decompression has been advocated.[@bib571] Segmental or lobar forms of Caroli disease can be treated by partial hepatectomy.[@bib560], [@bib572] Extracorporeal shock wave lithotripsy has been utilized for disintegration of intrahepatic stones.[@bib573] Liver or combined liver and kidney transplantation has been successfully performed in patients with mono- and multilobar disease with portal hypertension, respectively 96 and 8 having received liver or combined liver and kidney grafts from 1987 to 2006 in the USA;[@bib574] the authors propose an algorithm for evaluation and treatment of Caroli disease.

Macroscopically, the intrahepatic cystic dilatations are round or lanceolate, 1.0--4.5 cm in diameter, and may be separated by stretches of essentially normal duct ([Fig. 3.36](#f0185){ref-type="fig"} ).[@bib557] Transluminal fibrovascular bridges are reminiscent of the periportal location of the cysts (ductal plate) and explain in part the central dot sign observed on computed tomography.[@bib565] Inspissated bile or soft and friable bilirubin calculi may be found in the lumen. Microscopically, the dilated ducts usually show severe chronic inflammation, with or without superimposed acute inflammation, and varying degrees of fibrosis ([Fig. 3.37](#f0190){ref-type="fig"} ). The epithelium may appear normal (cuboidal to tall columnar), partly or completely ulcerated, or focally hyperplastic; all of these changes can be found in different ducts in the same liver ([Fig. 3.38](#f0195){ref-type="fig"} ). Mucous glands (sometimes in abundance) may be present in the fibrotic and inflamed wall. Areas of severe epithelial dysplasia are seen rarely.[@bib575] The lumen contains admixtures of inspissated mucin and bile, calcareous material, or frank pus during bouts of acute cholangitis ([Fig. 3.39](#f0200){ref-type="fig"} ). Caroli disease is frequently associated with congenital hepatic fibrosis (in which case it is termed Caroli syndrome), rarely with infantile polycystic disease (ARPKD)[@bib576] and even adult polycystic disease (ADPKD).[@bib577] Figure 3.36Caroli disease. Section of liver shows cystically dilated bile ducts. The cystic cavities are traversed by fibrous cords, known to contain the portal vessels. The lining of the ducts is bile stained.Figure 3.37Caroli disease. Dilated bile ducts have thickened walls due to marked chronic inflammation. Note lymphoid follicles in the wall of one duct (left). (H&E)Figure 3.38Caroli disease. The thickened bile duct wall reveals marked chronic inflammation. The lining epithelium is hyperplastic, except for a small segment of the duct (right). There is an area of ulceration (bottom). (H&E)Figure 3.39Caroli disease. Markedly dilated duct contains golden-yellow inspissated bile. It shows marked inflammation, as well as ulceration (bottom). (H&E)

According to Desmet,[@bib488] the pathogenesis of Caroli disease seems to involve total or partial arrest of remodelling of the ductal plate of the larger intrahepatic bile ducts. In Caroli syndrome, the hereditary factor causing the arrest of remodelling seems to exert its influence not only during the early period of bile duct embryogenesis, but also later on during development of the more peripheral biliary ramifications (the interlobular bile ducts).

There is a single case described of *Marfan syndrome with diffuse ectasia of the biliary tree*.[@bib578] The authors suggested that the defect of connective tissue in that disease could have led to weakness of the wall of the bile ducts with resultant ectasia.

Autosomal dominant polycystic kidney disease (ADPKD) {#s0210}
====================================================

Mutations mainly in two different genes *PKD1* and *PKD2* can lead to ADPKD, one of the most common genetic disorders worldwide. The *PKD1* gene lies on the short arm of chromosome 16 (16p 13.3), immediately adjacent to the *TSC2*, a gene responsible for approximately 50% of tuberous sclerosis.[@bib496], [@bib579] The incidence of ADPKD due to mutations in PKD1 is 1 in 1000 live birth, comprising 90% of cases. The *PKD1* gene encodes a protein called polycystin.[@bib580] It is present in plasma membranes of renal tubular cells, bile ductules, pancreatic ducts,[@bib581] hepatocytes and cells of large bile ducts. In the kidney, localization at the contact points (only between neighbouring cells) indicates that its main function is cell to cell interaction, such that loss of function contributes to cyst formation.[@bib582] The *PKD2* gene is located on chromosome 4 (4q 21--23) and encodes a 100 kD protein, polycystin 2 with sequence homology to α subunits of voltage-activated calcium channels.[@bib583] As mentioned earlier, localization of polycystin-1 and polycystin-2 to primary cilia in cultured renal epithelial cells[@bib513] and demonstration that the proteins function as a ciliary flow-sensitive mechanosensors[@bib584] implicate defects in ciliary structure and function as an important mechanism of cyst formation.[@bib509] There is at least one unmapped focus, which accounts for 5% of the disease population.[@bib585] Although PKD2 is clinically milder than PKD1, it does have a deleterious impact on overall life expectancy and cannot be regarded as a benign disorder.[@bib586] The mean age to death or end-stage renal disease is 53 years in PKD1-associated disease, 69 years in PKD2-associated disease and 78 years in controls. PKD2 patients are less likely to have systemic hypertension, urinary tract infections and haematuria.[@bib586] Cerebral aneurysms are found in 10--15% of patients with PKD1 and represent a significant risk of subarachnoidal haemorrhage causing death and disability. Familial clustering of bleeding from intracranial aneurysms is recorded.[@bib587] In an earlier mutational analysis of 58 ADPKD families with vascular complications 51 were PKD1 (88%) and seven PKD2 (12%). The authors found that the position of the mutation in PKD1 is predictive for development of intracranial aneurysms (59 mutations are more commonly associated with vascular disease) and is therefore of prognostic importance.[@bib588]

ADPKD is a multisystem disease with cysts and connective-tissue abnormalities involving multiple organs.[@bib589] Associated conditions include colonic diverticula (70%), cardiac valve complications (25%), ovarian cysts (40%), inguinal hernia (15%) and intracranial aneurysms (10%), suggesting a diffusely abnormal matrix.[@bib590] Mitral valve prolapse was found in 12% of affected children.[@bib591]

ADPKD is the cause of end-stage renal disease in 8--10% of adults; the number of cysts is age-related.[@bib592] The renal disease can be present at birth but hepatic manifestations are rare before 16 years of age.[@bib593] The average age at first admission for liver-related problems was 52.8 years with an average duration of symptoms of 3 years.[@bib594] The symptoms included a gradually enlarging abdominal mass, upper abdominal pain or discomfort, and rare episodes of severe pain with or without nausea, vomiting, and occasionally fever. The most frequent physical finding is hepatomegaly, which can be massive.[@bib595] Liver tests are often normal. Jaundice is unusual,[@bib596], [@bib597] and portal hypertension is rare.[@bib598] At times this can be related to hepatic outflow obstruction.[@bib599], [@bib600] There is an increased risk of gallstones in patients with hepatic cysts.[@bib601] Rarely is treatment needed by excision[@bib602] or a combination of excision and fenestration.[@bib603] Liver or combined liver and renal transplantation has been performed successfully in patients with ADPKD.[@bib604]

The incidence of liver involvement and its complications have been reviewed in a large series including 132 patients on, and 120 patients not on, haemodialysis.[@bib604] Liver cysts were found by non-invasive imaging procedures in 85 of 124 patients on dialysis; sex distribution was equal. In contrast, the non-dialyzed population demonstrated a 75% incidence of liver cysts in females and 44% incidence in males, the peak incidence occurring 10 years earlier in females. The cysts were larger and greater in number in the non-dialyzed females, and there was a correlation with the number of pregnancies. Nineteen autopsies were reported in which five deaths were liver-related. Risk factors for the development of hepatic cysts in ADPKD were also examined in 39 patients and 189 unaffected family members by Gabow.[@bib605] The hepatic expression of the disease was found to be modulated by age, female gender, pregnancy, and severity of the renal lesion and functional impairment. Oestrogen treatment of postmenopausal women with ADPKD is associated with selective liver enlargement and abdominal symptoms.[@bib606]

The leading complication in ADPKD is infection of the liver cysts, with cholangiocarcinoma the second most common complication. A study examining hepatic cyst infection suggested that the incidence increases from 1% to 3% during end-stage renal failure.[@bib607] Enterobacteriaceae were cultured from the infected cysts in 9 of 12 patients. In the case of Ikei et al., *Pseudomonas aeruginosa* was cultured from the infected cysts.[@bib608] Positron emission tomography scan will probably make the diagnosis of cyst infections easier and more accurate. This may allow early treatment with appropriately selected antibiotics, often including a fluoroquinolone; the timely drainage of large infected cysts remains an option.[@bib609]

Hepatic cysts are rarely detected before puberty and increase with age (ultimately to 75%) in individuals over 70.[@bib610] However, cysts have been found in early childhood and even in the first year of life.[@bib611], [@bib612] Prior to availability of a genetic probe, the criteria for identification of this disorder in children included a positive paternal history, cysts in any portion of the renal tubule or Bowman space, macroscopic cysts in the liver and cerebral aneurysms. Molecular diagnosis is useful in individuals in whom the diagnosis of ADPKD is uncertain due to lack of family history or equivocal imaging results and in younger at-risk individuals who are being evaluated as living-related kidney donors.[@bib613]

Grossly, the liver in ADPKD is enlarged and diffusely cystic, the cysts varying from \<1 mm to 12 cm or more in diameter ([Fig. 3.40](#f0205){ref-type="fig"} ). One liver reported by Kwok and Lewin weighed 7.7 kg.[@bib595] Occasionally only one lobe, usually the left, is affected. Diffuse dilatation of the intra- and extrahepatic bile ducts has been reported in some cases.[@bib614] The cysts contain a clear, colourless or yellow fluid. Analysis of cyst fluid in one case disclosed similarities to the 'bile salt-independent' fraction of human bile, suggesting that such cysts are lined by a functioning secretory bile duct epithelium.[@bib615] Figure 3.40Autosomal dominant polycystic kidney disease. Numerous cysts of varied size are studded throughout the liver. They contained clear fluid.

Microscopically, the cysts are lined by columnar or cuboidal epithelium, but the larger cysts have a flat epithelium ([Fig. 3.41](#f0210){ref-type="fig"} ). Collapsed cysts resemble corpora atretica of the ovary ([Fig. 3.42](#f0215){ref-type="fig"} ). The supporting connective tissue is scanty except in relation to von Meyenburg complexes ([Fig. 3.41](#f0210){ref-type="fig"}), a frequently associated lesion, where it may be dense and hyalinized. A small number of inflammatory cells, usually lymphocytes, may infiltrate the supporting stroma. Infected cysts contain pus and may rupture ([Fig. 3.43](#f0220){ref-type="fig"} ). Calcification of the wall of hepatic (and renal) cysts in ADPKD has been reported.[@bib616] Figure 3.41Autosomal dominant polycystic kidney disease. Section of liver shows multiple cysts of varied size that are lined by a flattened epithelium adjacent to a von Meyenburg complex. (H&E)Figure 3.42Autosomal dominant polycystic kidney disease. Collapsed cyst has a corrugated wall and the lumen is filled in with a loose connective tissue. (Masson trichrome)Figure 3.43Autosomal dominant polycystic kidney disease. Infected cysts are filled with pus. The cyst to the right has ruptured with formation of a small cholangitic abscess. (H&E)

*Von Meyenburg complexes* are considered part of the spectrum of adult polycystic disease, and Melnick was of the opinion that polycystic disease of the liver develops progressively over the years by gradual cystic dilatation of these complexes.[@bib617] That view is supported by a histomorphometric and clinicopathological study of 28 cases of ADPKD reported by Ramos et al.[@bib618] Kida et al. have suggested that cystic dilatation of peribiliary glands also may lead to formation of the cysts in ADPKD.[@bib619] Von Meyenburg complexes are small (\<0.5 cm in diameter), greyish white or green, and are usually scattered in both lobes.[@bib620] They have an abnormal vascular pattern in angiographic studies and are occasionally associated with cavernous haemangiomas. Microscopically, the lesions are discrete, round to irregular in shape and typically periportal in location. The constituent ducts or ductules are embedded in a collagenous stroma, are round or irregular in shape, and have a slightly dilated lumen ([Fig. 3.44](#f0225){ref-type="fig"} ). They are lined by low columnar or cuboidal epithelium and contain pink amorphous material that may be bile-stained, or actual bile ([Fig. 3.45](#f0230){ref-type="fig"} ). Cholangiocarcinomas have been reported in association with von Meyenburg complexes,[@bib621], [@bib622] as well as with multiple hepatic cysts considered part of the spectrum of ADPKD.[@bib623], [@bib624] Congenital hepatic fibrosis has been found in some cases.[@bib625] Intraductal papillary-mucinous neoplasm of the pancreas has been reported.[@bib626] Figure 3.44Von Meyenburg complex. Small bile ducts are embedded in a fibrous stroma. Note irregular shape of two of the ducts, each of which contains a polypoid projection. (H&E)Figure 3.45Von Meyenburg complex. The ducts are variably dilated and contain altered bile. (H&E)

Polycystic liver disease without kidney abnormalities (PCLD) {#s0215}
============================================================

Isolated polycystic liver disease (PCLD), not linked to *PKD1* or *PKD2*, has been reported.[@bib627], [@bib628], [@bib629] Germline mutations in protein kinase C substrate 80K-H gene (*PRKCSH*), a known gene encoding for a previously described human protein 'noncatalytic beta subunit of glucosidase II'(GIIβ), have been associated with ADPKD. This protein now renamed hepatocystin, seems to segregate in families with PCLD.[@bib630], [@bib631] The protein is widely distributed in tissues and predicted to be an endoplasmic reticulum luminal protein that recycles from the Golgi. The mutations found in PCLD are all predicted to cause premature chain termination, rendering loss-of-function changes most likely. The two-hit hypothesis for cyst formation in ADPKD appears applicable to PCLD. Glucosidase II plays a major role in regulation of proper folding and maturation of glycoproteins. Polycystin-1, polycystin-2, and fibrocystin/polyductin are all glycoproteins. Mutations could compromise the processing of the N-linked oligosaccharide chains of the newly synthesized glycoproteins.[@bib631] Improper association and trafficking of the polycystins due to defective glycosylation by mutant GIIβ may link PCLD to the ADPKD pathway. This would be consistent with the marked similarity in clinical liver disease in both conditions.[@bib630] The second gene involved in PCLD, *SEC63*, encodes a protein that is part of the multicomponent translocon of the endoplasmic reticulum (Sec63p) which is required in both the post-translational and the co-translational (or signal recognition particle-dependent) targeting pathway and may explain a functional link between the two genes known to be associated with PCLD. Respective lack of expression of hepatocystin and Sep63p in PCLD cyst lining appears to correlate with mutational results.[@bib632] Immunohistochemical analysis of cyst lining suggests that the disease involves overexpression of growth factor receptors and loss of adhesion, but proliferation or deregulated apoptosis do not seem to be implicated in PLCD. Differential findings for PRKCSH- and SEC63-PCLD suggest a divergent mechanism for cystogenesis in the two groups.[@bib633]

Solitary (non-parasitic) bile duct cyst {#s0220}
=======================================

Solitary bile duct cyst is defined as a unilocular cyst lined by a single layer of columnar or low cuboidal epithelium resting on a basement membrane and a layer of fibrous tissue. The cysts occur at all ages though the majority present in the 4th to the 6th decades. They are rare in the paediatric age group; in the Boston Children\'s Hospital series 31 solitary non-parasitic cysts (26 unilocular and 5 multilocular) were diagnosed in 63 years.[@bib634] The female to male ratio is 4 : 1.[@bib635] Cysts smaller than 8--10 cm rarely cause symptoms. When present, symptoms include fullness or an upper abdominal mass, nausea and occasional vomiting. Rapid enlargement has been reported in infancy.[@bib636] Jaundice occurs infrequently.[@bib637] An acute abdominal crisis may result from torsion, strangulation, haemorrhage into the cyst or rupture.[@bib638] Diagnosis is usually established by ultrasonography, computed tomography or other imaging modalities. Solitary bile duct cysts involve the right lobe twice as often as the left. Rarely, they can arise in the falciform ligament.[@bib639] They are usually round and rarely are pedunculated; the lining is typically smooth ([Fig. 3.46](#f0235){ref-type="fig"} ). The larger ones may contain one to several litres of fluid which is usually clear, but may be mucoid, purulent (if the cyst is infected), haemorrhagic or rarely bile-stained.Figure 3.46Solitary bile duct cyst. The sectioned cyst has a smooth lining.

Microscopically, the cyst lining usually consists of a single layer of columnar, cuboidal or flat epithelium ([Fig. 3.47](#f0240){ref-type="fig"} ). The epithelium rests on a basement membrane that in turn is supported by a layer of fibrous tissue. Adenocarcinomas may arise in the cyst.[@bib640] Other malignancies reported to arise in solitary cysts include squamous cell carcinoma,[@bib641] carcinosarcoma[@bib642] and carcinoid tumour.[@bib643] Figure 3.47Solitary bile duct cyst. The cyst is lined by a single layer of columnar cells. (H&E)

The pathogenesis of solitary bile duct cyst is unknown. A congenital origin is supported by the occurrence of the cysts in fetuses and newborns,[@bib636] by a case presenting as a congenital diaphragmatic hernia,[@bib644] and the association of another case with the Peutz--Jeghers syndrome.[@bib645]

In the past, the treatment of choice of solitary cysts was excision,[@bib646] but this has been supplanted by aspiration and sclerotherapy,[@bib647], [@bib648] or laparoscopic fenestration.[@bib649], [@bib650]

Reye syndrome {#s0225}
=============

The syndrome of fatty liver and encephalopathy, first described in 1963 by Reye et al.,[@bib651] based on post-mortem findings in 17 children from Australia, was soon recognized to have a worldwide distribution.[@bib652] The observation of an association between aspirin and Reye syndrome,[@bib653] subsequent advice from the Surgeon General of the USA that the use of salicylates be avoided in children suffering from influenza or varicella, and confirmatory prospective studies[@bib654], [@bib655] have been followed by a steady decline in the incidence of 'classic' or 'idiopathic' Reye syndrome worldwide.[@bib656], [@bib657] At the present time, all patients presenting with a 'Reye-like syndrome' are presumed to have an inherited metabolic disorder unless there is clear evidence of the classical combination of a flu-like illness and salicylate therapy. In addition, metabolic disorders were subsequently diagnosed in many patients who had survived an acute disease attributed to Reye syndrome.[@bib658] Consequently, the following account may be in part historical as it is largely based on data collected at a time when our knowledge of metabolic disorders and their diagnostic tools were limited. Nevertheless, it seems likely that Reye syndrome as such exists and may reflect a pharmacogenetic or immunogenetic susceptibility in those who do not have a demonstrable metabolic disorder. Which drugs or environmental toxins and which viruses may contribute to development of classic Reye syndrome remain a conundrum.

With few exceptions,[@bib659], [@bib660] idiopathic Reye syndrome occurs almost exclusively in children, has no sex predilection, and is usually preceded by a resolving viral illness, particularly influenza B or varicella. Initial symptoms include vomiting (usually repetitive), lethargy and changes in mental status. Hepatic dysfunction can be overlooked since the liver is minimally enlarged, and there is no jaundice or splenomegaly. Subsequent symptoms and signs are predominantly neurological and terminate in coma. Seizures sometimes occur, particularly in younger children with hypoglycaemia. Most patients have received multiple medications, including aspirin, for the symptoms of the viral illness. Initial laboratory screening tests disclose elevated serum aminotransferase levels, hyperammonaemia and coagulopathy. Although the liver disease is benign and transient, the encephalopathy (secondary to a hypoxic/metabolic insult resulting in cerebral oedema) can be life-threatening and can result in permanent neurological disability.[@bib652] Early diagnosis based on clinical findings and liver biopsy, along with meticulous supportive care, results in decreased mortality and morbidity.

Grossly, liver biopsy or autopsy specimens from patients with Reye syndrome are yellow. The major histopathological finding is diffuse microvesicular steatosis.[@bib661] In the typical case the hepatocytes are swollen and packed with multiple small vacuoles ([Fig. 3.48](#f0245){ref-type="fig"} ); neutral lipid can be demonstrated in frozen sections stained with Oil Red O or Sudan Black B ([Fig. 3.49A](#f0250){ref-type="fig"} ). The lipid droplets are consistently smaller in the perivenular zone than in other areas.[@bib661] Vacuolization may not be evident in biopsy material obtained less than 24 h after the onset of encephalopathy, even though appropriately stained frozen sections will reveal an abundance of fat. Nuclei of the liver cells are enlarged and centrally located. Mitotic activity of variable degree may be seen. Hepatocellular necrosis is generally absent or is mild and spotty. Periportal necrosis is occasionally found,[@bib662] preceded by ballooning degeneration of periportal hepatocytes. Variation in the severity of glycogen depletion of liver cells in early biopsies correlates with other histological measures of severity, and with the occurrence of hypoglycaemia, severity of encephalopathy at the time of admission, and the mortality rate. Portal inflammation is either minimal or absent. Cholestasis is rarely observed; in some instances it may be related to an associated pancreatitis.[@bib663] Reduction of succinic dehydrogenase and cytochrome oxidase activities (and other mitochondrial enzymes) has been demonstrated by enzymatic stains and is most helpful in confirming the diagnosis[@bib664] ([Fig. 3.49B](#f0250){ref-type="fig"}).Figure 3.48Reye syndrome. Liver cells show microvesicular steatosis. (H&E)Figure 3.49Reye syndrome. (A) Microvesicular steatosis is shown in this frozen section stained with Sudan black B. (B) Succinyl dehydrogenase is absent in the liver (right of the field), contrasting with the finely granular staining in the tubules of a control rat kidney (left of the field), in which the liver biopsy specimen has been embedded.

At the ultrastructural level, the most dramatic changes are seen in hepatocellular mitochondria,[@bib664], [@bib665] which are enlarged and misshapen. The degree of enlargement correlates to some extent with the stage of encephalopathy.[@bib665] The severity of the disease may also be correlated with lucency of the mitochondrial matrix and loss of matrical dense bodies ([Fig. 3.50](#f0255){ref-type="fig"} ). Other mitochondrial changes in initial hepatic biopsy specimens from patients who die or have severe neurological sequelae include a decrease in size and number of cristae ([Fig. 3.50](#f0255){ref-type="fig"}). There may be an increase in the amount of smooth endoplasmic reticulum with varying degrees of dilatation, and 50% of hepatic biopsy specimens reveal flocculent peroxisomes.[@bib666] Figure 3.50Reye syndrome. Electron micrograph showing swollen mitochondria with loss of matrix density and both fragmentation and reduction in the number of cristae. Note absence of dense granules in the mitochondria (×20 000).*(Courtesy of Dr Cynthia C Daugherty, Children\'s Hospital Medical Center, Cincinnati, Ohio, USA)*

Microvesicular steatosis has been reported in several inherited metabolic disorders (Chapter 4) and in drug- and toxin-induced liver injury, such as with tetracycline, nucleoside analogues, aflatoxin, pyrrolizidine alkaloids, margosa oil, hypoglycin A, pentanoic acid and valproic acid (Chapter 13). Aspirin toxicity may mimic Reye syndrome.[@bib666] At the light microscopic level, the liver findings in children with fatal salicylate intoxication resemble those of Reye syndrome,[@bib667] but the ultrastructural changes appear to be different.[@bib665]

Animal models of Reye syndrome with encephalomyocarditis virus[@bib668] or influenza B[@bib669] infection, and the spontaneous 'Reye-like syndrome' in BALB/cByJ mice (associated in the majority with coronavirus infection) have been described.[@bib670] In another murine model, treatment with 4-pentenoic acid produced a Reye-like syndrome.[@bib671]

Kawasaki disease {#s0230}
================

First described as acute febrile mucocutaneous lymph node syndrome in 1967,[@bib672] the clinical features, diagnostic criteria and management of Kawasaki disease have now been reviewed.[@bib673] The principal diagnostic criteria of this acute, self-limited, multisystem vasculitis of childhood are fever; bilateral non-exudative conjunctivitis; erythema of lips and oropharyngeal cavity; erythematous rash and desquamation of the fingertips and toes; and cervical lymphadenopathy.[@bib674] Activated T lymphocytes play a key role in the disease mechanism, and a genetic susceptibility locus has recently been identified.[@bib675] Gastrointestinal signs and symptoms include abdominal tenderness, vomiting, diarrhoea, bloody stools and mild jaundice. Hepatobiliary complications comprise hepatosplenomegaly, mild ascites and hydrops of the gallbladder. Jaundice is a rare presentation.[@bib676] The laboratory data include abnormal electrocardiograms, neutrophil leucocytosis with a shift to the left, thrombocytosis and an increased erythrocyte sedimentation rate. Mortality in boys during the first 2 months of the illness is twice the average rate for the disease generally.[@bib677] Coronary aneurysms and myocarditis occur in 10--20% of patients, with a higher incidence in boys.[@bib678] Thus it is a major cause of acquired heart disease in children. Early therapy with high-dose intravenous γ-globulin and perhaps aspirin has proved beneficial, the former seemingly reducing the frequency of coronary artery abnormalities.[@bib679], [@bib680] Male sex, abnormal liver enzymes, low albumin and platelets, and the percentage leukocytes/lymphocytes have been found as risk factors for treatment non-response.[@bib681] Patients less than 1 year old or more than 9 years old at diagnosis may have poorer outcomes.[@bib682] Atypical cases not fulfilling the conventional diagnostic criteria have a much higher mortality rate, perhaps because of the lack of therapy.[@bib683]

The hepatobiliary complications of Kawasaki disease have been underestimated. The most common problem results from a hydrops of the gallbladder, which is detectable by ultrasonography with an incidence ranging from 2.5 to 13.7%.[@bib684] Prolonged pain has been attributed to poor emptying of the gallbladder.[@bib685] The patients have right upper quadrant pain sometimes associated with vomiting. A majority have hepatomegaly and, at times, a palpable gallbladder. Resolution usually occurs in 4 weeks. Perforation is a rare complication. Cholangitis with bile duct injury and ductular reaction has been observed on liver biopsy in three cases.[@bib686] Pathological findings at laparotomy include inflammation of the gallbladder, with or without evidence of vasculitis, and occasionally cystic duct obstruction due to inflammatory oedema or lymph node compression.

In addition to vasculitis, inflammation has been noted in autopsy cases in the oral cavity (including ductal structures), small bowel, and the pancreas (including the ducts);[@bib687] acute cholangitis or bile duct damage has also been observed.[@bib687], [@bib688], [@bib689] Mild bile ductular reaction has been noted but, to date, ductopenia has not been a feature. Cholangitis may be associated with sinusoidal neutrophilic infiltrates ([Figure 3.51](#f0260){ref-type="fig"}, [Figure 3.52](#f0265){ref-type="fig"} ), and proliferation and swelling of Kupffer cells are commonly seen.Figure 3.51Kawasaki disease. Portal inflammation (left) with an acute cholangitis (arrow). Note presence of neutrophils in sinusoids and periportal steatosis. (H&E)Figure 3.52Kawasaki disease. Marked portal inflammation, predominantly neutrophilic, and acute cholangitis (arrow). (H&E)

Similarities between this condition and leptospirosis have been raised; although the Weil--Felix reaction may be positive, direct tests for leptospirosis are negative.[@bib690] The close resemblance of fatal cases to infantile periarteritis nodosa has also been emphasized in several studies.[@bib687], [@bib691] Affected vessels include the larger coronary arteries, splenic, renal, pulmonary, pancreatic, spermatic, periadrenal, hepatic and mesenteric vessels. Microscopically, the vessels show periarterial inflammation, necrosis and destruction of the media, and intimal inflammation. Lesions of varying stages can be observed in different vessels in the same patient and in different areas of the same type of vessel (e.g. coronary arteries), suggesting that the inflammatory process continues over a period of time during the course of the disease. Aneurysmal dilatation of coronary and other vessels (brachial, iliac, renal and pulmonary) may occur[@bib687], [@bib692]. A case of a 4-year-old boy with a hepatic artery aneurysm that caused obstructive jaundice was reported by Marks et al.[@bib693]

Other than leptospirosis, *Propionobacterium acnes*,[@bib694] toxin-secreting *Staphylococcus aureus*,[@bib695] HIV,[@bib696] Epstein--Barr virus (EBV),[@bib697] parvovirus B19,[@bib698] *Yersinia* infection,[@bib699] and an unusual response in a susceptible individual to an infectious agent such as the measles virus[@bib700] have all been proposed as causes of Kawasaki disease but are not supported by hard data.

Langerhans cell histiocytosis {#s0235}
=============================

This rare disorder (previously termed histiocytosis X) is characterized by infiltration of various tissues and organs by Langerhans cell histiocytes. Langerhans cell histiocytosis (LCH) primarily affects bone, but lung, skin and lymph node involvement is not uncommon. Hepatic involvement is also well recognized, especially in children, with sclerosing cholangitis occurring in 10--15% of those with multisystemic involvement,[@bib701], [@bib702] whereas LCH confined to the liver appears very unusual.[@bib703], [@bib704] Kaplan et al. reported nine cases of hepatobiliary LCH and found another 85 acceptable cases in the literature.[@bib705] Ages ranged from 7 days to 62 years of age, with a median of 18 months, and a 2 : 1 female preponderance. Hepatosplenomegaly, jaundice, liver dysfunction and ascites were the most common clinical presentations.

Gross findings vary with the stage of disease and type of hepatic involvement. Large aggregates of Langerhans cells, eosinophils and other inflammatory cells may form tumour-like masses. Infiltration of large ducts may lead to grossly visible cystic dilatation and rupture. Other cases show irregularly distributed biliary fibrosis, while a biliary cirrhosis is already present in a few cases.[@bib705]

The diagnostic feature of all cases was the presence of Langerhans cells.[@bib706] They typically have an abundant pink cytoplasm, lobulated, coffee-bean shaped or contorted nuclei with a fine chromatin pattern and no discernible nucleoli ([Figure 3.53](#f0270){ref-type="fig"}, [Figure 3.54](#f0275){ref-type="fig"} ). In the vast majority of cases the Langerhans cells are accompanied by varying numbers of eosinophils ([Fig. 3.55](#f0280){ref-type="fig"} ), lymphocytes, neutrophils, plasma cells, non-Langerhans histiocytes, and occasional multinucleated giant cells. Immunostains were useful in confirming the nature of the Langerhans cells using antibodies to S-100 protein, CD1a ([Fig. 3.56](#f0285){ref-type="fig"} )[@bib707], [@bib708] and CD31.[@bib709] CD1a is important as activated Kupffer cells may acquire S100 positivity.[@bib710] The lectin receptor CD207/langerin is useful, but it seems to mark dermal cells unrelated to Langerhans cells.[@bib711] Typical Birbeck granules may be found ultrastructurally in Langerhans cells.Figure 3.53Langerhans cell histiocytosis. Granulomatoid aggregate of Langerhans cell. (H&E)Figure 3.54Langerhans cell histiocytosis. Higher magnification of Langerhans cell. (H&E)Figure 3.55Langerhans cell histiocytosis. Infiltrate contains many eosinophils. (H&E)Figure 3.56Langerhans cell histiocytosis. Langerhans cells are strongly immunoreactive to anti-CD1a.

Many with disseminated disease have aggregates of Langerhans cells that range from granulomatous foci to large nodules in the liver ([Figure 3.57](#f0290){ref-type="fig"}, [Figure 3.58](#f0295){ref-type="fig"} ) with eosinophils present in abundance in these lesions.[@bib705], [@bib712] The majority of cases show some degree of active bile duct infiltration, injury and destruction by Langerhans cells ([Figure 3.59](#f0300){ref-type="fig"}, [Figure 3.60](#f0305){ref-type="fig"} ); this is the most characteristic feature of hepatic involvement. Small and medium-size bile ducts are often infiltrated by the Langerhans cells with displacement of the epithelial cells. Some ducts may be entirely replaced by masses of Langerhans cells within the pre-existing basement membrane. Injury to large bile ducts by the Langerhans cells may produce cystic dilatation and rupture with a xanthogranulomatous inflammatory response.Figure 3.57Langerhans cell histiocytosis. The section is from a case that had a grossly visible tumour. (H&E)Figure 3.58Langerhans cell histiocytosis. The same case depicted in [Figure 3.56](#f0285){ref-type="fig"} showing heavy infiltration of portal area and bile duct necrosis (left). (H&E)Figure 3.59Langerhans cell histiocytosis. Bile duct showing degenerative changes is surrounded by Langerhans cells. (H&E)Figure 3.60Langerhans cell histiocytosis. (A) High magnification of degenerating bile duct surrounded by a cuff of Langerhans cells. (H&E) (B) Bile duct is heavily infiltrated by Langerhans cells that are strongly immunoreactive to anti-CD1a.

Concentric periductal fibrosis is a prominent feature in the majority of cases. When the ductal infiltration by Langerhans cells is pronounced, there is often marked surrounding fibrosis with demonstrable Langerhans cells in the fibrous tissue. Ducts at a distance from the Langerhans cell lesions may also show epithelial injury and periductal fibrosis, consistent with a secondary sclerosing cholangitis.

Changes due to the bile duct lesions include periportal ductular reaction, ductopenia ([Fig. 3.61](#f0310){ref-type="fig"} ), chronic cholestatic features with periportal cholate stasis ('pseudoxanthomatous change') and deposition of copper and copper-binding protein. Some degree of periportal or bridging fibrosis is common and progress to a biliary cirrhosis ([Fig. 3.62](#f0315){ref-type="fig"} ). It must be noted that needle biopsy specimens may show changes due to a distal cholangiopathy only, without demonstration of Langerhans cells, despite direct LCH infiltration of the major bile ducts.[@bib713] Figure 3.61Langerhans cell histiocytosis. Two fused portal areas are bereft of bile ducts. (Masson trichrome)Figure 3.62Langerhans cell histiocytosis. End-stage micronodular cirrhosis. (Masson trichrome)

The differential diagnosis of LCH in childhood includes other forms of sclerosing cholangitis: *primary sclerosing cholangitis*, with or without chronic inflammatory bowel disease, as well as sclerosing cholangitis associated with immunodeficiency (see Chapter 10). In view of the morphological overlap with LCH it is recommended that immunostains for S-100 and CD1a be performed in all cases clinically and/or morphologically diagnosed as sclerosing cholangitis in children; however, extrahepatic manifestations of LCH will generally help reaching the correct diagnosis.

The aetiology and pathogenesis of LCH remain undetermined. Evidence suggests an immune dysregulation with uncontrolled clonal proliferation of dendritic cells exhibiting Langerhans cell characteristics.[@bib714] A low susceptibility to apoptosis[@bib715] and high level of diverse cytokines production by Langerhans cells,[@bib716] with sustained stimulation of T cells, lead to the unique pathological picture, which combines features of a neoplasm and chronic inflammation.[@bib717] The demonstrated clonality of LCH does not prove the neoplastic nature of the lesion.[@bib718], [@bib719] Viral proteins and DNA sequences of human cytomegalovirus,[@bib720] Epstein--Barr virus[@bib721] and human herpes virus 6[@bib722] have been detected by immunohistochemistry, *in situ* hybridization and PCR in LCH tissue, but whether these represent causal agents or opportunistic infections secondary to immune dysregulation remains uncertain.

Although patients with LCH have a good overall prognosis,[@bib723] approximately 20% of patients with multisystem involvement will show a progressive disease course despite treatment.[@bib724], [@bib725] In particular, patients with hepatic involvement have a worse prognosis with survival at 3 years of 96.7% for those without, but only 51.8% for those with liver involvement.[@bib726] In patients with cirrhosis and end-stage liver failure secondary to LCH sclerosing cholangitis, orthotopic liver transplantation has been proven a successful therapeutic option[@bib713], [@bib727], [@bib728] with 67% of patients living long-term after surgery (median follow-up 5.8 years, range 2.1--7.5 years). A significant number of LCH patients have developed post-transplant lymphoproliferative disorders, which seems related to a higher incidence of refractory rejection.[@bib729] Disease recurrence in the liver allograft occurs in some 30% of patients and seems easily managed.[@bib729], [@bib730]

*Juvenile xanthogranuloma*, a histiocytic disorder, primarily but not exclusively seen throughout the first two decades of life and principally as a solitary cutaneous lesion, can manifest with multiple small systemic lesions -- xanthoma disseminatum -- in which case the liver can occasionally be involved. The infiltrating cells are factor XIIIa, fascin and CD68 positive, but S100 and CD1a negative.[@bib731] Touton cells are rarely seen in extracutaneous sites. There appears to be an overlap with LCH since skin lesions with characteristics of juvenile xanthogranuloma may be found in children with LCH.[@bib702]

*Erdheim--Chester disease* is a rare non-Langerhans type of histiocytosis with xanthogranulomas. It appears to be neoplastic.[@bib732] Liver involvement is uncommon; biliary tract obstruction has been reported.[@bib733]

Sinus histiocytosis with massive lymphadenopathy (Rosai--Dorfman disease) {#s0240}
=========================================================================

This disorder was first reported by Rosai and Dorfman[@bib734] and subsequently reviewed by Foucar et al.[@bib735] It usually affects patients between the ages of 10 and 20 years. In addition to massive enlargement of cervical and other lymph nodes, there is fever, leucocytosis, an elevated sedimentation rate and hyperglobulinaemia. The course is protracted, lasting from 3 to 9 months, but the prognosis is usually excellent. The disease can involve extranodal sites, including soft tissues, the oral cavity, lower respiratory tract, genitourinary system, and the liver. Involvement of the last three organs is associated with a poor prognosis.[@bib735] Liver involvement is uncommon.[@bib736] Lauwers et al. studied 11 patients in whom the disease involved the intestinal tract (five cases), liver (five cases) and pancreas (one case).[@bib737] Most patients also had evidence of disease in other extranodal sites, as well as in one or more lymph node groups.

In the review of Foucar et al., hepatomegaly was noted in 27 of 157 cases.[@bib735] Four patients had histopathological evidence of hepatic involvement. In most instances gross evidence of disease is lacking, except for one case in which a 1.5 cm, well-circumscribed white nodule was found in the right lobe of the liver.[@bib735] The hallmark of the disease is the proliferation of histiocytes which have an abundant cytoplasm and normal-appearing nuclei ([Figs 3.63A,B](#f0320){ref-type="fig"} ). The cells are seen in portal areas and in hepatic sinusoids. They display avid leucophagocytosis, but can also phagocytose red cells. According to Eisen et al.,[@bib738] the cells express: S-100 protein ([Fig. 3.63C](#f0320){ref-type="fig"}); pan-macrophage antigens such as EBM11, HAM56 and Leu-M3; antigens functionally associated with phagocytosis (Fc receptor for IgG and complement receptor); antigens functionally associated with lysosomal activity (lysozyme, α1-antitrypsin and α1-antichymotrypsin); antigens associated with early inflammation (Mac-387, 27E10); antigens commonly found on monocytes, but not tissue macrophages (OKM5, Leu-M1); and activation antigens (Ki-1 and receptors for transferrin and interleukin-2). They are negative for CD1a. The cells thus appear to be true, functionally activated macrophages derived recently from circulating monocytes.[@bib738] Figure 3.63Rosai--Dorfman disease. (A) Sinusoids are filled with large histiocytes showing leucophagocytosis. (H&E) (B) The same case as illustrated in (A). Histiocytes display both erythro- and leucophagocytosis. (H&E) (C) The same case as illustrated in (A), (B). Histiocytes are immunoreactive for S-100 protein.

Haemophagocytic syndromes {#s0245}
=========================

Haemophagocytic lymphohistiocytosis (familial haemophagocytic reticulosis) {#s0250}
--------------------------------------------------------------------------

Familial haemophagocytic lymphohistiocytosis (FLH), a fatal inherited form of haemophagocytic lymphohistiocytosis (HLH) syndrome, is a defect in cell-mediated cytotoxicity characterized by the overwhelming activation of T lymphocytes and macrophages. FLH is a heterogeneous autosomal recessive disorder; one causative gene (*PFR1*, localized to chromosome 10q21--22) encoding for perforin, a cytotoxic effector protein, is identified in a subset of patients.[@bib739], [@bib740] Genes implicated are all important for the exocytosis of cytotoxic granules which contain perforin and granzymes and induce apoptosis upon entering the target cell and therefore are important for the downregulation of the immune response.[@bib741] FLH can usually be distinguished from other infantile causes of histiocytosis by the absence of skin lesions and the high incidence of central nervous system involvement. The disease is characterized by fever, anorexia, irritability and pallor in infancy and early childhood. Jaundice and hepatosplenomegaly may develop later. FLH may present as liver failure in infancy; since FLH often shows very high serum ferritin levels, distinction from so-called neonatal haemochromatosis can be difficult.[@bib742], [@bib743] Tissue specimens are critical in distinguishing these two diseases as liver transplantation is contraindicated in FHL, whereas it might be life-saving in neonatal haemochromatosis.[@bib743] Markedly abnormal coagulation studies reflect low fibrinogen levels and thrombocytopenia, but other coagulation factors are normal. Neurological symptoms may develop from histiocytic involvement of the brain. Although clinical manifestations may remit temporarily, the disease is eventually fatal. The diagnosis is based on identifying erythrophagocytosis by histiocytes in bone marrow biopsy material, or occasionally on liver biopsy. Perforin expression by peripheral lymphocytes, assessment of 2B4 lymphocyte receptor, and natural killer (NK) cell activity have been proposed as rapid tests to assist differentiating FLH from HLH subtypes, therefore highlighting patients with a poor prognosis who may benefit from bone marrow transplantation.[@bib739]

In an autopsy series haemophagocytosis was most commonly observed in the spleen, lymph nodes and bone marrow.[@bib744] Hepatic involvement is characterized by hypertrophy of Kupffer cells and portal macrophages which manifest striking erythrophagocytosis ([Fig. 3.64](#f0325){ref-type="fig"} ), but this may be inconspicuous or even absent.[@bib745] In one study of 19 patients, hepatic histology showed portal and sinusoidal infiltrates of CD3, CD8, granzyme B+ lymphocytes admixed with CD68, CD1a- histiocytes showing haemophagocytosis in all specimens.[@bib746] Portal areas may show lymphohistiocytic infiltrates with a predominance of T lymphocytes, in a pattern reminiscent of chronic hepatitis ([Fig. 3.64](#f0325){ref-type="fig"}). In some cases there is striking enlargement of endothelial cell nuclei and perivenous erythropoiesis resembling graft rejection.[@bib745] Other changes include mild hepatocellular damage in the vicinity of the lymphohistiocytic infiltrates, variable cholestasis and epithelioid granulomas.[@bib745] Figure 3.64Haemophagocytic lymphohistiocytosis. (A) Portal area (left) infiltrated by lymphocytes. (H&E) There is mild periportal steatosis. (B) Higher magnification showing erythrophagocytosis by a Kupffer cell (arrow). (H&E)

Infection-associated (reactive) haemophagocytic syndrome {#s0255}
--------------------------------------------------------

In this condition there is proliferation of morphologically non-malignant histiocytes showing phagocytosis of haemopoietic cells, with associated fever and pancytopenia. There is a wide range of clinical severity from the incidental observation during infection or at autopsy that macrophages throughout the body are large and activated to the full-blown haemophagocytic syndrome (HLH) that includes fever, hepatosplenomegaly, coagulopathy, and various cytopenias.[@bib702] Epstein--Barr virus infection (virus-associated haemophagocytic syndrome) remains the most frequent association, but since the first report in 1979, many other viruses[@bib747], [@bib748] and other infectious agents have been incrimiated.[@bib749], [@bib750] There are a few reports of simultaneous development of HLH and systemic lupus erythematous.[@bib751] Patients with rheumatic disorders, especially juvenile chronic arthritis, appear particularly at risk, the condition being often referred to as *macrophage activation syndrome* in this setting.[@bib752], [@bib753] Haemophagocytic features are often seen in livers of patients with AIDS ([Fig. 3.65](#f0330){ref-type="fig"} ). The syndrome may also develop in diseases other than infections, such as lymphoma and disseminated carcinoma.[@bib754], [@bib755] Reactive (secondary) HLH and macrophage activation syndrome manifest as a massive cytokine and chemokine release, mostly TNFα, interferon (IFN)γ, soluble interleukin-2 (IL-2) receptor, IL-6, and other cytokines whose levels in the blood may have a prognostic value.[@bib756] This cytokine profile distinguishes HLH from the primary familial conditions in which an underlying genetic defect is identified. In contrast, natural killer cell function is preserved in the reactive form but defective in the inherited syndromes.[@bib702] Figure 3.65Reactive haemophagocytosis in a patient with AIDS. (A) Kupffer cell has phagocytosed two erythrocytes. (H&E) (B) Kupffer cell contains three erythrocytes. (Biebrich scarlet)

Histologically, there is infiltration of the portal tracts with normal-appearing histiocytes, lymphocytes and plasma cells, together with marked hypertrophy of Kupffer cells displaying prominent haemophagocytosis. The Kupffer cells are only weakly stained with PAS, a feature helpful in distinguishing this change from a response to necro-inflammatory conditions, in which the Kupffer cells are often strongly PAS positive.[@bib757] Additionally, Kupffer cells frequently show siderosis, possibly related to the erythrophagocytosis itself or to blood transfusions.[@bib757] There is a lack of correlation between the degree of peripheral cytopenia and the degree of hepatic haemophagocytosis.[@bib757] The hepatic manifestations in 30 patients with haemophagocytic syndrome were reviewed.[@bib758] Immunohistochemical findings on liver tissues have provided direct evidence for the involvement of activated CD8+ lymphocytes through the production of IFNγ, and of macrophages through the haemophagocytosis and production of both interleukin 6 and TNFα, irrespective of the associated condition.[@bib759]

Down syndrome {#s0260}
=============

Severe liver disease can occur in Down syndrome or trisomy 21 mosaicism.[@bib760], [@bib761] Stillbirth, hydrops fetalis, or liver failure at or within a few weeks of birth are recognized presentations.[@bib762], [@bib763], [@bib764], [@bib765], [@bib766] Morphologically, there is diffuse fibrosis surrounding reactive bile ductules and residual hepatocytes.[@bib760] Extensive hepatic necrosis has also been observed. In most livers a large number of megakaryocytes or megakaryoblasts, staining positively for factor VIII-related antigen and binding to Ulex europaeus 1, as well as other haematopoietic elements, are present in the sinusoids.[@bib760], [@bib762] Parenchymal iron deposition of variable degree was noted in most of the cases studied by Ruchelli et al.[@bib760] Arai et al.[@bib765] have suggested that megakaryocyte-derived TGFβ1 is one of the candidates in the activation of hepatic stellate cells leading to the hepatic fibrosis. High levels of N-terminal peptide of procollagen III, type IV collagen, and hyaluronic acid were found in the serum of a lethal case at 5 days of life.[@bib767]

The liver disease generally accompanies a haematological disorder unique to Down syndrome called transient abnormal myelopoiesis, transient myeloproliferative disorder or transient leukaemia.[@bib768], [@bib769] The condition consists of a clonal proliferation of blast cells exhibiting megakaryocytic features and historically associated with a high rate of spontaneous remission. Its true incidence remains to be determined. A number of cases may occur as an incidental finding of abnormal cell counts and blast cells in the peripheral blood in an otherwise well child, but in approximately 20% of cases the disease is manifest as hydrops fetalis and liver or multi-organ failure resulting in death. Of those children who enter a spontaneous remission, 13--33% have been found to develop acute megakaryoblastic leukemia, usually within the first 3 years of life, which if left untreated is fatal. In trisomy 21 fetal haemopoietic progenitors acquire N-terminal truncating mutations in the key megakaryocyte-erythroid transcription factor GATA1. Mutations are found in blast cells of both transient myeloproliferative disorder and megakaryoblastic leukaemia,[@bib770] suggesting that additional as yet unidentified (epi)genetic mutations are required for progression to AMKL.[@bib771] A recent multicentre survey suggest a good response of leukaemic cases to early therapy with standard-dose intensive chemotherapy including cytarabine and anthracyclines.[@bib772]

Neonatal lupus erythematosus {#s0265}
============================

Hepatic involvement may occur as part of the spectrum of neonatal lupus erythematosus (NLE), which is due to passage of maternal anti-Ro and anti-La antibodies across the placenta. Fetal tissues expressing Ro and La antigenic determinants may be damaged. The heart, skin and liver are most likely to be involved, rarely with thrombocytopenia and leukopenia.[@bib773], [@bib774] Congenital heart block is the most important cardiac manifestation, and some infants develop a rash which resembles discoid lupus erythematosus in the newborn period or some weeks later. In approximately 10% hepatic disease occurs, usually typical neonatal hepatitis syndrome.[@bib775], [@bib776], [@bib777] Occasionally, liver involvement is severe enough to suggest extrahepatic biliary tract obstruction, with acholic stools and non-draining hepatobiliary scan.[@bib778], [@bib779] Increased iron accumulation in the liver was found on liver biopsy in the first infant recognized as having NLE with liver involvement,[@bib775] and subsequently an infant was reported with severe liver disease showing features of perinatal haemochromatosis.[@bib780] Transient elevation of serum aminotransferases only or unexplained isolated conjugated hyperbilirubinaemia in the perinatal period and later presentation at 2--3 months of age with transient elevations of serum aminotransferases are recognized.[@bib781] In most infants, the liver disease resolves completely between 6 and 12 months of age, as the maternal antibodies are degraded. Mild fibrosis was found in one child with NLE on repeat liver biopsy.

The diagnosis of NLE is difficult in the absence of congenital heart block or typical skin rash. Some infants have only transient jaundice and myocarditis with abnormal electrocardiogram. The diagnosis should be suspected if the mother is known to have systemic lupus erythematosus or Sjögren syndrome. Frequently, however, the mother is asymptomatic with respect to rheumatological disease. Routine methods may fail to detect anti-Ro and anti-La in the infant; these studies should be performed at as young an age as possible. Very high titres of ANA in the infant may be due to NLE. Deposits of associated antibodies (anti-Ro and/or anti-La) may be found in affected liver tissue by immunofluorescence.[@bib782] Most infants with unexplained neonatal hepatitis syndrome do not have NLE.[@bib783] One infant was reported with neonatal hepatitis syndrome and transplacental transfer of anti-mitochondrial antibodies.[@bib784]

[^1]: *Note*: Acute-pattern neonatal liver failure denotes metabolic instability, coagulopathy, and extremely elevated serum aminotransferases in a neonate; chronic-pattern neonatal liver failure denotes metabolic instability, coagulopathy, hypoalbuminaemia, near-normal serum aminotransferases in a neonate; conditions which require specific consideration vis-à-vis biliary atresia are denoted 'Differentiate from biliary atresia'.

[^2]: NSH, non-specific hepatitis; GC, multinucleated giant cells; IHC, immunohistochemistry; Abs, antibodies; EM, electron microscopy; DPM, ductal plate malformation; PFIC, progressive familial intrahepatic cholestasis; FAA, fumarylacetoacetase; GGT, γ-glutamyl-transpeptidase; TIBC, total iron binding capacity; mtDNA, mitochondrial DNA; nDNA nuclear DNA; T3, triiodothyronine; T4, thyroxine; TSH, thyroid-stimulating hormone.

[^3]: Selicorni A, Colombo C, Bonato S, et al. Biliary atresia and Kabuki syndrome: another case with long-term follow-up. (Letter) Am J Med Genet 2001; 100:251.

[^4]: van Haelst MM, Brooks AS, Hoogeboom J, et al. Unexpected life-threatening complications in Kabuki syndrome. Am J Med Genet 2000; 94:170--173.

[^5]: Nydegger A, Van Dyck M, Fisher RA, et al. Hardikar syndrome: long term outcome of a rare genetic disorder. Am J Med Genet A. 2008;146A:2468--72.

[^6]: ARPKD, autosomal recessive polycystic kidney disease; ADPKD, Autosomal dominant polycystic kidney disease; PCLD, polycystic liver disease without kidney abnormalities.
